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'I'm; autlior lui<i no ullicr apolojcy to iirosoiit for oflor- 
ing to tlio public tlie iullowinf; work on " I'opiiliir 
A.slTOiiomy" tlian the iiiavked fiivov wi(li ivbich hia 
" riauclarj' am! .Stcikii' Worliis" Jins Ijecii rocoivcd, both 
in tliis country and in Eurojio, 

The science of Asti'onomy is so rapicSly progrcssivo 
that to keep the public advisoil of its advances now 
■woi'ka avo rctiuivcd almost every year. This may ho 
oft'ered as a.n additional rcawn for tho present pitbliea- 
tion. 

Ill the pvepavation of tho work I havo availed mysolf 
of so many sources of information that it would bo (juito 
impossible for mo to specify the authors or the volumes 
to which I am Indebted. 'I'ho plan and the cast is all 
my own. I have endcayored to follow the path of i-oal 
discovery, and in every instanco to present tho facts and 
phcnonneiia so as to nftbrd to the reader and student aiii 
opportunity to oxoroiso \m own goniua in their discussion 
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nnil resolution, bcforo oftbring fho cxpliuiiition reached 1iy 
nuciont or luodoni seiunco. It m hoircil ihut tiiia mctliod 
of twitting tlio subject wliiuli is new, (so far aa I tnow,) 
may avail in exciting a gi-oater interest in tbc examination 
of tlioso great praMems of tlio universe whoso aucccssful 
eolution constitutoa tlio chief lionor of human genius. 

J II a few instances I liave ventured to present the 
rosnlts of my own observations, and havo ocenpicd a 
short Bpaco in cxJiibiting a skotuh of new inclhods and 
now instruments, ivhicli have iicen introduced into iho 
obaervatoriea ut Cincinnati ami ul Aihnny, 



■ATOuv, Jii.iiuinj, 18G0. 
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INTHODUOTtON. 



TiiM ^I'Oiit dome of the hciivcns, filled witli a coiiuUod^ 
multitmlo of Sihiis, is beyond a doubt tho most aiiiiii'.ing 
Biicctaclc I'ovwUcd hy tlio scuso of sight. It hu3 excited 
tliG udminitioii and curiosity of umiiltind in nil age3 of 
the world. Tho Htuily of the stara is Ihoi'efore cooval 
Willi our race, and hence wo find maity discovoric-t in tho 
heavens of whose origin ncilher history nor tradition can 
giro any account, Tho science of Astrouonay, einbraeiii;;, 
as it does, all tho pheuoiiicna of the celestial orhs, liaa 
furnished in all ages the grandest pvohlenii for the exer- 
cise of liuniun genius. In tiio ininntivo ngcs ita ad- 
vances were slow, but by patient watching, and by dili- 
gent and faithful records transmitted to pa^terity fmin 
generation to geneiation, tho niystcrics which fill tho 
heavens were one by ono mastered, until at length, in 
our own age, there rcniains no phenomenon of motion 
unexplained, whtio the diatanocs, maguitiulca, niasaos, 
i-eeiproeal inlluencea, and physical eonsiitulion of tho 
celcitial oil« ha\o been approximately revealed. In a 
foniier vdume an attempt wag made to trace tho career 
of discoveiy among the '.! irs, and to exhibit tbc sncfC-sivo 
Bte|)3 by which the genms of man finally reached the ko- 
lutbn of the gieat piohloni of the universe. 

T'hc i>erformancc of that task did not permit the special 
study of any one object, except so far as it was r«iuired 
in tho march of tho general investigation. It is our 
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object now to execute wltiit was tbcn protniaed, iind to 
cxiiiuiiio ill detail the vai-iousi Iwclics wliioh ani alHod to 
tlio suri) constituting (aa wo sliall find) a delicittuly or- 
ganised system of revolvjni; workk, a complox ineuliutiic.il 
Bimcturo, whose stability has challenged the admirutioii 
of all thinking jnjnds, ami whose orgiiniKation has fni--- 
nishcd tlio most profound themes of human investiga- 
tion. 

'L'Ke plan adopted will Iciid us to pi'cscnt clcai-Iy all tlio 
facta and phcnoniciia resulting from observation; witli 
these facts the student may oxercJao liis own gonitis in 
attempting to account for tho phenomena, bcforo pi-occcd- 
iiig to accept tlio explanation laid down in tho text. 

'I'o aid the memory and to present a systematic investi- 
gation, wo ehall adopt the simple order of ilhlancc from 
tho solar orb, comnicneing with that grand contial liimi- 
navy, and proceeding oxilw'ard from planet to planet, 
until we shall develop all tho plienomctia employed in tho 
discovery of the great laiv of univci-sal gravitation. With 
a knowledge of this law tho worlds ali-eady examined 
ee;viO to bo isolated, and arrange tlienisolvcs under tho 
empire of gravitation into a complex system, the deticato 
relitlions of ivlioso parts, leads to now discovery and to 
llie liiiitl perfection of the system of solar satellites. 

1 laving closed our investigation of the planets and tlieir 
Iribntary M'oriils, wc shall render an account of those 
anomalous bodies called comets, which, by the sudden- 
ness of thcii- appearance, theiv rapid and eccentric mo- 
tions, and the brilliant trains of light which sonietimea 
attend them, have excited universal interest, not unat- 
tended with alarm in all ages of the world. 

Before passing to the execution of this plan, wo must 
oxamiae, to some extent, the phenomena of the nocturnal 
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INTRODUCTION. XI 

heavens, as the stars furnish the fixed pointa to which 
all moving bodies are referred. 

To the eye the heavena rise as a mighty dome, a vast 
hollow hemisphere, on whose internal surface the glitter- 
ing stars remain forever fixed. In case we watch through 
an entire night, we find the groupings of stars slowly 
rising from the east, gradually reaching their culmina- 
tion, and then gently sinking in the west. A more at- 
tentive exstmination enables the eye %o detect some of 
these groups of stars toward the north which ever remain 
visible, rising, culminating, and descending, but never 
sinking below the horizon. Every star in this dtunitu 
revolution, as it is called, is found to describe a circle, 
precisely as if the concave heavens were a hollow sphere 
to which the stars were attached, and that this hollow 
globe were made to revolve about a fixed axis, passing 
through its center. Indeed, we find by attentively watch- 
ing, that this hypothesis of a spherical heavens accounts 
for all the phenomena already presented. As the stars are 
situated nearer to the extremity of the axis of revolution 
the circles they describe grow smaller and smaller, until, 
finally, ive find one star which remains _^ei^, and this one 
must be at the point where the axis of the heavens 
pierces the celestial sphere. This is called the north 
slar ; and the point in which the axis pierces the heavens 
is called the itorih pole. The opposite point is called 
the south pole. 

Only one half of the celestial sphere is visible at one 
time above the horizon, but this spherical surlace ex- 
tends beneath the horizon, and forms a complete sphere, 
encompassing us on all sides, while its center seems to be 
occupied by the earth. It is true that, in the day-time, 
the stars fiide from the sight in the solar blaze, bat they 
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arc not lost; ihcy still fill tlic lie;iveni4, iia we hIuiII bco 
hcreitftei-) iuiei tlio stiiny sjihevc Bsvocps unbroken eiilivoly 
round tho eartli. 

These great tratlia, the diurna! revolution of l-ho heav- 
ens, its spherical form, the central position of the cHrlh, 
the north ^wlar atar, the axis of the heavens, tho circles 
descriljed by tho Htars, wero among the diiscoveriea of 
priniilivo aiUi(iuity, anil are matters of tlio most Biniplo 
observation. 

'i'ho spherieiil form of the heavens was eoon imilalcd, 
and (lie (irllftc'wl giobe became one of the first aslrononi- 
ieal instriiuKiilq On this -(ilifiuil globu tutini I ncs 
were drawn to nuititc those d(,baibcd a\ tho he i\ens by 
the celestial oibs and la these hues must htm-clovth 
form ft part of oui hn^ui;,o we pioetul to j,ne tlic fol- 
lowing Definitions — 

A y>-ca( circle ia one ivIiOHO plane passes ilirough tho 
center of the sphere. 

A small circle is one whose plane does not [>a£3 through 
the ccTiter of the sphere. 

The <tx-!s of the heavens ia an imaginary lino passing 
tbroiigh the center of the earth, and about ivliicli tho 
Jieavcns appear to revolve once in twenty-four hoxira. 

A vieridian is a great cii-olo passing through tho 
Iiigliiat point of the celestial sphere (called iha zeniUi) 
and tlio axia of tho heavens, 

Tho equator or equhiocliul is a great circle, perpen- 
dicular to tho axis of the heavens, and half-way between 
tho north and south polar points. 

Tiieso important lines Itavo been employed from tho 
earliest agea in tho study of the heavenly bodias, and 
having thoronghly mastered their meaning and position 
wo aro prepared to o:xaminc any changes of location whiuU 
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INTRODUCTION, XIU 

may te discorered among the vast multitude of shining 
bodies which go to fill ap the concave of the celestial 
sphere. 

We shall proceed, then, without further delay, to the 
execution of the plan already laid down. 
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The sun is beyond comparison the grandest of all the 
celestial orbs, of "which we have any positive knowledge. 
The inexhaustible source of the heat which warms and 
vivifies the earth, and the origin of a perpetual fiood of 
light, which, flying with incredible velocity in all direc- 
tions, illumines the planets and their satellites, lights up 
the eccentric cometa, and penetrates even te the region 
of the fixed stars ; it is not surprising that in the early 
ages of the world, this mighty orb should have been re- 
garded as the visible emblem of the Omnipotent, and aa 
such should have received divine honors. 

On the approach of the sun to the horizon in the early 
dawn, his coming is announced by the gray eastern twi- 
light, before whose gradual increase the brightest stars 
and even the planets fiide and disappear. The coming 
splendor grows and expands, rising higher and yet higher, 
until, as the first beam of sunlight darts on the world, not 
ble in the whole heavens, and 
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16 T H E S U N . 

even the moon, under this flood of sunlight, shines only 
as a faint silver cloud. 

This magnificent spectacle of the sunrise, together 
with the equally imposing scenes which sometimes ac- 
company the setting sun, must have excited the curiosity 
of the very first inhabitants of the earth. This curiosity 
led to a more careful examination of the phenomena at- 
tending the rising and setting sun, when it was discovered 
that the point at which this great orb miwie his appear- 
ance was not fixed, but was slowly shifting on the horizon, 
the change feeing easily detected by the observation of a 
few days. Hence was discovered, in the primitive ages — 

The sun's apparent motion. — In case the sun is 
observed attentively from month to month it will be found 
that the point of sunrise on the horizon moves slowly, for 
a certain, length of time, toward the south. While this 
motion continues, the sun, at noon, when cuhninating on 
the meridian, reaches each day a point less elevated above 
the horizon, and the diurnal arc or daily path described 
by the sun grows shorter and shorter. At length a 
limit is reached ; the point of sunrise ceases to advance 
toward the south, remaining stationai'y a day or two, 
and then slowly commenoes its return toward the north. 
This northern movement continues ; each day the snn 
mounts higher at his meridian passage, the diurnal aro 
above, the horizon grows longer and longer, until, again, 
a northern limit is reached, beyond which the sun never 
passes. Here he becomes stationary for one or two days, 
and then commences his return toward the south. Thus 
does the sun appear to vibrate backwai^d and forward be- 
tween his southern and northern limits, marking to man 
a period of the highest interest, for within its limits the 
spring, the sunmier, the autumn, aiid the winter, have 
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run their cycles, find hy Oicir union liayc ^vioiij^lit out 
tlio ciiaiiges of the year. 

TIio length of thid jinportftnt period wjis, dowbtlcss, 
first (leterjnined by counting the (Uys which ekiised from 
the liujo when the situ toso behnul Bomc ivell-dcliueil 
nntural object in the liorizou until his itftui-n in tlic siuiic 
direction to (he same point of rising. Of course, these 
cliangea in tlic Bun'a place ivcro studied with profouTul 
attention. 'I'liey wero among the first celestial phenom- 
ena tliscovered, iiTid aniouj; the fir.^t demandin;^ e\i>Ianit- 
tion. The stars ivei-e found 7iever to cInnKjc their point.^ 
of rising, culmination, and setting. Tlicir diurnal are 
remained forever the siunc, and the amount of lime they 
remaiTicd uhovo the Iioi-Ikou depended on their dislunco 
fi'om the north polar jraint. 

Observation Jmviug thus revealed the fact fbitt the Bun 
was niidoubtcdiy moving alternately north «nd Boutti, a 
more critical research showed the equally important 
trutli, tliat this great luminary was slowly Hhifling ita 
pkcc among the fixed stars, 'l.'iiis was not so readily 
deternuneil; but by noting the brilliant stars which first 
appeared in the cvcnlTig twilight, after sunset, it wan 
BOO V CO el U t tl cso at ■? lid not long remain vis- 
Mo I Ice 1 tl 1 olo sta y licfivons seemed, fram 
1 j,l t to „! t to ! e 1 1 „ lownward to overtake the 
sotl tl il t fl n hiin.scif was mounting 

1 1 to eet tl St 1 tl IS was discovered a ^olur 

i 1 c { o 0} 1 c 1 to the diurnal revolution 

file I ^ 

I o t! to tl tl n was seen to ad\'aiiet! 

o „ tl e sta 1 t tl c i of uu entire year, after 

il ll f c cl I, s of o ll m anil Koulliern motioit 
111 C(,o 1 1 1 1 tl h was found to return to 
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18 TUE SUN. 

the same group of fixed stara from whence ho set out ; 
and thus it became manifest that this revolution among 
the stars was identical in period with the changes from 
north to south, and hence these phenomena had, in all 
probability, a common origin. 

Here was the first great problem offered for solution 
to the old astronomers. The facts and phenomena were 
carefully studied, and the reader may now exercise his 
own power of thought in an effort to explain the facta 
recorded, before accepting the solution we are about to 



An examination of the points of rising, of culmination, 
and of setting, of the fixed stars, showed them to ho ah- 
solntely invariable, and in c^e these glittering points 
could leave behind them, in their diurnal revolution, 
lines of silver light, sweeping upward from their point of 
rising to the meridian, and downward to the point of 
sotting, these lines of light would he seen to be parallel 
circles. AU the stars north of the equinoctial (in the 
region of the earth we inhabit) describe diurnal circles, 
of which more than one half is above the horizon, while 
all the stars south of the same line sweep round in circles, 
of which less than half lies above the same plane. Any 
star, precisely on the equinoctial, half way between the 
north and south poles, passes one half its revolution 
above and the other half below the horizon 

These facta being caiefully noted it wis seen that in 
case the sun, on any day of its annual journey ehincc 1 
to coincide with a fixed star, that foi that diy the sun 
and star would describe the sime dmiml eiicle anl 
would remain above the hor zon in equjl length of time 
Thus along the sun's path it bi'came possible to select a 
number of stara over vihich the sun pa^ed, -md which 
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would by their pusitioii nmvk \m route in llio Iicavi'us. 
To iiid id tliia iiivestigiitioii, aa well m for somo other 
pm-poMGd, llio oncieTitf) erected a neriicril siaff' on a levol 
jsiiiiio, and then noted where the shadow of the top of the 
sliift' fell at noon Ciich day throughout the yeiir. Tiiis 
inj^lriinicnt was called « gnomun, and its \\m ivvciikil 
niiiny important facts in tho solar motion, and detected 
otliora liitherto overlooked. If on the same day wc note 
Ciirefully tho length of (ho shadow of the gnomon a liltlo 
while before and after noon, wc shall find the shadow 
slowly decrease in length as tlic min rises to its culmina- 
tion; and innncdiittcly after passing tho mevidiou the 
aliadow commcneca to increase in length, Mark the point 
wlicro tha s/iorfcst s/twloio fell, and the lino joining llli^t 
point with tlio foot of tho gnomon is a ttorf/i and soifl/t 
line, and on this line all tho noon sliiidows iviU fall 
throughout the entire ycav. 

My a carcfnl examination it ivaa discovered that tho 
noon shadow on the day of the whiter so'slicc or southern 
limit always fell on the sanio point. The aimo was true of 
tho noon shadow on tlio day of tlic summer eo^sfice or 
northern limit. Tiicae points were exactly oppasitc each 
other on tlic sun's apparent orbit (or path awo/t'/ tlie 
s(ars). It was further discoYere<l, that selecting any day 
in the year, tho noon shadow for that day invariably ieJl 
on tlio same point as it had done on preceding years; and 
lienco it became n>aiiifest that tlic sun's track among (ho 
Btai« did not chanye from year to year. 

'I'liO (jnestion now arose as to tho figure of the suns 
path; was that figure a circle? and did the sun move 
with uiiijhrm velocily? As all the star:? described diin'- 
nal circles ; as this curve was the simplest as well as tho 
tiioat beatiliful of curves ; as its eurvaiure was every where 
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tiic satiic ; as it had neitltor beginning itor cndinj;, it won 
ciiriy adoi>tctl as tiio cekstUd curve, sliadoniiig forth, 
evoH iti its form, tho caiscless journeys of the revolving 
worliis. It waa nsaumcd then that t!ic sun swept round 
the B))hcrc of tho hcitvcns onco ft year, wltli uniforni 
volocity, ill a circuhii- orhit, of whicli tho Citrtli waa in tho 



This Iiypotliosia accounted fully for Sill (he discovered 
])li<!noracna, and justly ranks aTUong the most important 
of tJic [jrimitivo diacoverica. 

'I'iio yuomon giivo to tho old astronomers a ready 
moans not only of tracing the sun's path among tho stars, 
Imt also of measurin*; the inclination of the plane of the 
cc/ip/ic to tho jilauo of the equuvi'-iidK !i'his is ro;«lily 
soon from ihe subjoined figure. 




I.ct AB represent the gnomon, A' tho shadow of iiio 
vertex at noon on the dity of the aunnnei' solstice, and 
A" the shadow at noon on tho day of the wintei- soktieo. 
'J'hen ivill the angle A'AA" measure tho entire motion 
of tho sun ft'om north to south ; stnd as one half of this 
motion lies north and the other hidf soulli of the equinoe- 
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lial, it mo\sa that tiiilf tlio angle, A'A.-V," mcuKHves tho 
iiicliiirttioii of the coSiptic to tlio cquiiioutial. 

Ill tiio earliest ages it was assumed that the sim'a orliit 
was absolutely fixtxl among tJse starSj anil tiiat tUo jioints 
in wliich lliis circle evosscrt the et^Hinoottal were in like 
manlier iuvariablo. These point.s of intcrscolion are of 
(lie }]iglio3t importance, Tliat oiio through ivhich the 
Bini piissc3 in going from south to nortli, ia called the 
Vernal I'^quinox, wliiio the opposite point, through ivliich 
the Holur orii pasfscs in going from north to south, is 
ealleil the Aiitummd J-l'/iihiox. On the day of the 
equinoxes, as the suii'a center ivaa then on the eijuinoc- 
tial, the diuroiil arc iluscrJbcd by tho sun ivouhl lie ono 
half above, ami the other lialf below tho hoii/xin, malting 
the length of day and night precise!)/ cqiml. 

Among the ancient nations the day of the vernal equi- 
nox was an object of especial interest, us it heralded tho 
coming of spring, and ita approach was marked by tho 
rising of a ecrUiin bright star in the early ii».\-in of tlio 
jnoriiing. Now, in case tho vernal and autumnal equi- 
noxes woro invariable, tlio same star by ita heliacal 
rising, (as it was called,) would mark the crossing of tho 
cquiiioctiiil by (he sun in tho siting and tho equality of 
day and night. After the lapso of few eenUtries it wan 
discovciXHl, by the length of tho noon shadow of tlio gno- 
mon, tliat the sun !iad reachctl tho cquinoetiul point, and 
yet the sentinel star did not make ita appoaranco. Either 
tlie equinox or tho star was in motion. It was soon 
decided that the vernal and autumnal cquinox&s are both 
slowly moving Imck^anls along the equinoctial, and thus 
tho sun crosses this celi^tial cirelo each year a little be- 
hind the point of tho preceding year, 

Tho ancient nations all seem io liavc attuincd to a 
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knowledge of tliia great truth, and soiiio of tiiem aro wiiil 
to liavo fixed the period in whiclt tlio vcrnul cijiiinox 
njtrogi-adej around the entire heavens, a porioil of nearly 
twGiity-8Jx thousand yeava ; aa this ia « matter of eitnplu 
observation, and as the rate of motion can bo obtained by 
uonipaving recorded observations, made at intcrvala of 
four hundred or five hundred years, wo may rcaillly cre- 
dit die Btatement that this perio(l licciinio known even 
anterior to the commencement of authentic liistory. 

This discovery of tlic retrocession of tlio equinoxes led 
to a more critical examination of the sun's apparent mo- 
tion. Tliis motion had been assumed to be iinifonii, and 
in case this hypothesis could be niainfained, the solar orb 
ouglu to occupy an C([ual amount of timo in passing over 
the two portions of it-s orbit nortli and south of tlic c(pii- 
iiootiai, that is, tlio nnml«r of days from the vernal to 
tlio autumnal cfjuiTiox ought to bo precisely equal to 
tho number of days from tlio {lutunnial to the vernal 
equinox. 

The tircck astronomer Hippiirclius was the firat (o dh 
cover the important truth that an inetjUaUty existed in 
these two periods. Ho found from Ids own observations 
that the sun occupied eiffhl days mora in traeing tlio 
northerji than it did in traversing tUc couthorn jiortion. 
of its orbit. T'iiis was a discovery of tUo Iiighcst import- 
ance, as it seemed to involve tho then incrediblo faetj that 
the lord of the celestial sphere, tho great source of life, 
and light, and heat, traveled among the stars witli a viiri- 
ahh velocity. 

in case the solar orbit was indeed a circle, this in- 
equality of motion aeemcd to bo impossible. The eii-cular 
figure of the orbit could not bo abandoned, neither was it 
jX)S3il)lo on philosopliical principles to givo up the hyjio- 
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lliosis of uniform motion. Hero then waa prcseiiteil a 
pi-oUlciii of tlic deepest intoveat, to preserm the ciimlar 
figwm of tlic solar orbit and the uniform motion of tlic 
sun, and at tlic same time render a (yitisfnetory accoinit 
of tlio incnualtty discovered in llie periods during wliiulf 
tlio auu rcuiained nortli and soutli of tlio ctiuiiiocliai. 
'I'liis pmlilem ivaa solved by Ilipparclms; niut before pro- 
ceeding to cxaniino the reasoning of tlio old Grcokj lot 
tlic atudout cxcrciso liis own genius in an attempt to ox~ 
pkiti llic asecrlaincd facts. 

Ilillicrto it tind been assumed, not only tliat the sun'a 
orbit was eireulnr, and that his motion was uniform, hut 
also lliat tho eartli occupied the cvact ceiilcr of the circle 
in ivhicli llio sun traveled round the heavens. By pro- 
found sttuly llipparchus discovered that all the fiicty 
could 1)0 explained by giving to tho cavtii a position not 
in ll»c center of the sun's orbit, but somewhat nearer to 
that portion of the solar orbit where Itia motion ivaa 
mast rapid. This will become ovidcnt from tlic figure. 
Let tho circle A li C 1) represent the sun's circular 
ovhit, in wliicli the suti is suppaied to move uniformly. 
'I'his moliuis i\il! only appear uniform to a spectator at 
the center 0. If iho observer bo rcmovetl to 0', and 
tlio line E 15' be drawn perpendicular to 0', tho por- 
tion K'AJiSof the 01 hit will i-e<[uire a longer timo 
for its description than the portion K C 1) E', and licncw 
in the forinor the sun will appear to move slower ilian 
in tho latter. Indeed, it is manifest that the point V, 
on llio line 0' prolonged, Js the jjlace of swiS'ttwt 
motion, (shile tlie oppo^tc point V' is tlmt iu wJiioli 
the sun will appear to niy\o blowest. 
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nil»parelHis, not satisfied with thus reiulering a jfcnertil 
expliiiiation of the pb en omen on, uiKlei-toolc to (iotcrniino 
tlio aclunl jifece of the earth insido tlio soliiv orbit, or 
tbe vtthio of the Oislance 0', wltich is csiileil the occeii- 
irkilij. I [ere h another problem for llic examination of 
the student. .It may Ijo solved hy simply kiiortirig !iow 





r: ¥• 



many daya longer tlio sun remained Jiovtli of tho equi- 
noctial timn it did on the south of this cirelo. This 
quantity wo Imvo already given. My dividing tho cirelo 
A I? C I> into aa many cqwal parta aa {hero urc duys in 
the year, and by draiving F P' through tho center 0, 
and j)ur|)cndicular to V V, wo havo only to hiy off from 
l,i' lo .I'l hiilf tho CXCCS3 in daya, and draw E ¥• parallel 
to J'' I'", and it will give at 0' tho truo placo of tho earth, 
and 0' will bo tlio ccooiilricity. Ah observer at 0' 
will sec all ])hcnoinciia aetnally detected in tito sun's 
motion, while tlic circular orbit and uniform velocity ai'o 
rigorously refaincd. 

Having determined tho carth'a eccentricity, it was now 
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vcj'y easy to calculate tlio sun's plitco from day to Hay 
during tiigi cHtivo vovoliitiou umong tlic fixed stnm. Tliis 
ivaa actually dono by tlio old astronomers ; Jind !i3 tlio 
computed jilacfa agreed wifh tliose observed witliin tlic 
limits of olBcrviitioii, with the rude iiiHtvuinents then iu 
uao, 110 further ad\'aiico would bo made in the solav mo- 
tiona, 

ECLiPSKS ov Tin; sus.- Noouc has ever beheld tlio 
total disapiicaranco of tlio mn in tlie day-(imo wifliout a, 
feeling of awe creeping tlirough Iiis fi'ame, and, oven now, 
wlicn modern science predicts the coming oC these Mina-/.iMg 
plicnoinenii with unerring jireeision, a total eclipse of tlio 
Bwn never faila to inspire a certain feeling of gloomy ap- 
prelicnsion. Wliat, then, must liavo been tlio elTect in 
the rude ages of tlie world of tlio fading out of the nun in 
jnid-coui-so through tlic licavciiu? Ihiinan genius, of 
course, bent all its energies to tlio resolution of the great 
livoblcma involved in tlio occurrence of an eeH|)se of tho 
sun. 'J*he firat cllbrt was directed to tlio discovery of tho 
e««.«(.'of tliose startling jihenoincna; and, this once de- 
termined, tho second great eilbrt was j)nt forth to so 
msKtcr all the circumstances as not only to explain tlio 
ccHpse but to predict Us coming. 

iiwav. OF A S01.A11 KCi.ii'SK. — In scavobiiig for the 
cause by which the sun might bo hidden, it was at once 
evident that there was but one object in the heavens suf- 
ficiently largo to hide the whole surBiee of the sun. This 
body was tlio «i«o». 'J'hus attention was dii-cctcd to tho 
lunar orb, and it was Hoon noticed that, while the bright 
glara and planets became visible in the darkness attending 
an eclitisc of tho sun, yet the brightest object in flic heavens 
after the sun, was never visible during an eclipse. 'I'ho 
moon was found to move among the alsira with a velocity 
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fiirj^renter tlian that of the sun. It w 
tbat tlio inooii's path ei'OM««l that of tho sun twice <U[riiig 
ovory revolution of the moon, and cxaniininj^ still moro 
closely, it was discovered tliat no ocHpso of tlm mm ever 
occurred except at the new moon. Now thia rapidly 
revolving globo ivas evidently tlic nearest to the cartli of 
all tlio Jicavonly bodies. It was seen, -when a silver 
erasccnt, someliines to pua* over and liidc tlio larger stars 
iiliicli fell in its patli ; it waa also found that tho moon, 
tliough invisible during a solar cclijrae, always appeared 
immediately aOer very near the aun and as ii slondci 
crcaccnt of light. 'I'liese facts all combined to provp 
beyond a tjueslion that the sun waa eclipsed by heiii^ 
covered by the dark body of the moon. Tlio cause of 
the eclipse was thus i-eacbed, and it now venmiTicd to rol* 
tlio phenomenon of its terrors by prcilictiiij; when it might 
bo oxpoetcti. 

To predict a solar eclipse with precision is a problem 
of great dilficulty, even with tho present extended knowl- 
edge of the laws and stvnctuvc of tlic solar syKtem. And 
yet we are informed that tlio old Greek astronomers suc- 
ceeded in the resolution of this complex probl(;m. 'I'his 
may have been done by long and pci-sovoring ewro in the 
record of tliese phenonieiwi; for in case all tUo ecliixses 
visible at any given place are rceonlod year after year 
for a period of nineteen yeai-s, it will be found that for 
the next period of nineteen years eclipses will happen on 
the same days and in tho same oi-dcr ; so that an mivou- 
omer, whose diligence had been rcwanled by the discovery 
of this grand truth, might acquire tlio highest renown 
among bis countvynieii and throughout tho world by his 
BU)ierior \visdom in prcdieling the coming of an eclip-so, 
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tliougli 110 special gcTiuis ivas (iiil forth in the resolution 
of flijs gi'cat problem. 

We !»rc not quito certain, however, that tlie prcilictioii 
of the first announced solar eelipso may not have been 
lujuomplishcd hy tljo application of powerful thought and 
persevering observation. In case the effort were now 
miulc to predict n solar coHpao; as a starting point wo 
know that no eclipse of tlio sun ever occurreil except at 
tlic new moon. 3Jut at the time of a total eclipse of the 
sun the moon is interposed precisely bctivceti the eye of 
the observer and the sun, and a line joining the centers 
of tlicso two great Imninarics, produced to tlie earth, 
passes l!iro\igh the place of tlio observer. Jlenee, on tho 
day and at the liour of an eclipse tlio ?tew moon must bo 
in tho act of passiny from one side of tlio sun's path to 
the other. To render an eclipse passible two conditions 
must bo fuHiiled at the s;inio time; the moon must bo 
nfiWi and tiso moon's center must bo in tlio act of crnsa- 
itiff the sun's orbit. If tho sun's annual route in tiio 
heavens wore marked among the slai-s hy a lino of golden 
light, and the moon's motion bo attentively watched, it 
■«-ill bo found that at every ono of lior revolutions alio 
cr(H3cs3 this golden line Iwke. 'j'hc point of lior orossing 
front south to north is called t!io moon's Hsrondbiy node, 
wliilo the point of crossing fron» north to south is tho 
descending node. 

These nodes do not remain fi.xed, hut are in compara- 
tively rapid niotion, and finally accomplish an entire rev- 
olution around the heavens, on (he ecUplic. If, then, 
we unite all these facta it will bo scon that to produce to 
any observer an eclipse of tho sun, tho moon, at tho ncii>, 
must bo exactly in ono of her nodes, so that tho center 
of tlio moon, tho node, and the center of the sun, form ono 
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and the K^inc Kti-aig!it line, llei-e, then, arc the coii- 
itilioHs precc'doiit to a, solar eclipse. It now remnins to 
so follow tlieso revolving orbs as to bo able to anticipate 
tlic certain occuwcnco of these determined conditions. 
Wo follow, tlicn, from night to night, the wnTiiiig moon; 
she sloivly approaches the sun ; her lijrht beconiea a 
dclieato ci-csccnt, just viaihle in the gray twilight of 
iTiorning before tho rising of the sun; at length tlie moon 
becomes invisiblo, and when bIio I'cappcars it is on tJio 
opposite side of tlio sun, and her silver orescent of light is 
just above the setting sun There win no felipsc he 
ciu'-i' //lis nav, moon did lift fill on thi sun''i pith It 
)->, ho\\c\u, eas) to muk (ho tunc of now moon, md 
ciiuallj cisy to -ico ind note tho tnm, whin tho moon js 
m hci node, oi on the ccliptn., tnd hy thu-, wtlclinij', 
iioni new moon to new moon, wo niaj sec whtlhti tlio 
Jiiloivftl fiom the pia^igc ot tho noilo up to new moon is 
giowmg shelter, ami at -whit iittc it dLUciso-i, till, 
fin)Uy, \\c bhill }icn.oivc that on tin, coniiii,' ot a cti 
turn itc\^ moon it must fill pieciaely at tho node, md on 
tho day of tins computed coniunction, to hnu i\ho has 
Hatched, nnd naittd and pond(,icil, and coniputtd, tho 
sun must f ido away m tolil tchpsc Sucli ii tht tiain of 
icasoiiing md obsenxtion nhich miyhavo fiist loil to tlio 
icsolution of tins guit pioblcm, but to whoae genius wo 
anc indebted foi this yand di->ui\uj Jicitha hintoij noi 
tiwlition fuinish my mfoimilton 

In consuiucncc of tho neii eijinlUy m (ho ippiunt 
di nnctCH of (hi sun iiid mo)n, md a sl^ht thui'i m 
1j»th due (0 a elnngo of the -ictiiiii dwttnco fiiun tho 
eaitii (a^ wjU ho Bhowa hcieafici), it Mwmtnm-* hipjdis 
(hit tho moons dytmctci m fe!>s thm tlmt oi tho aun 
When tlua obtiin^ tiuun; a solu tdipsc thtit, luninis 
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nvound tlio black <3isk of tho moon a bnllmnt liii;; oC 
Bokr ligbt, ftiitl tlio celipao is said to be unmiliii: U*)ii!!i - 
cvca' tlic moon's center, at ttio itcWj is not precisely ai 
tlio node, but not bo rcnioto from it as tlio sum of tlio 
semi-diumulcis of those two ovbs, tlicixs ivill bo a parlial 
obscumtion of the sun. 

AV'o Imvc ((resented these facts in this place, iis known 
to tho early iistronomci^, and na «dinirublc means of exer- 
cising tlic power of thotiglit on tlio piirt of tlio^e who may 
deaii^e to devote themselves to tho real study of the great 
phenomena, of nature. ^Vo \iill recur to this subject 
ag-iin when wo shiiU have mastered the laws of motion 
uid cl „i ivitaiton 

Sutli H I 1 ijil suney of tho diS(.o\oiiis of ll l t 
Cl nt-i in the study ol tl it ycit oib winth fi i ts 
■([knloi ui-ii it it 1 1 mci(^ ph ntjiu «f 1 „l I | 'W 
comm nis ui !i u tti n iiu! d acne-i i\\\ I t l11 I 
to masiLi lis I 1 I 1 jvLnKi ts ind its 1 11 1 l ) I 

n >m<ji\ I 

^\o now jioi, l1 to txl ibit thobC di coMitd \l h 
could only bo aCLonpli Jit. 1 ifleimmhid nmcdliniM.lt 
with jnstiuinents of ytitpowci iiid dohcicy nnd with 
a MSion niciei cd i tliou^ind foil Kjii 1 tl it with 
which ho IS cnloHi,! by nttuic 

DidUnjlUlB Ot lllh 3!0«l-BN^ il 1 ll 1 111 
monts employed by tie enly action jmcM ".ulhtLl to i \ 
tin. phcts of tho sun sn 1 iho othu hcnculy bodit? «itli 
■iuflii icnt accuracy to j,i\e i goi ei i! outlnit of tl o cm \ j 
tlicy tlo»3vibfdj and as theso eiirves, as dcferniincd by 
observation, appioximatcd tho circular form, it was con- 
eluded that the deviations fi-ora that exact figure were 
only errors of observation. Knowing Ibo poriodin whioli 
tho sun revolyt^ round tho heavens, and tlio distance of 
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tlio observer (mm tiio center of hk assumed eiroulav orbit, 
it was easy to coniputo accunituly tlio sun's pla« hihoh^ 
the atjira on any day of tbo year. 'I'bia coiiiputution 
being made, no instvitmcnt tlien in uso could detect any 
differciiCG between tho computed place and tliat acliwlhj 
held by tbo aun. it iviis, thorol'oi'c, nnpbilosopbicnl to 
doubt tliO aksoluto truth of an liypothcsia fhua BUHtained 
by the bffit obai'rvationa wliich coidil then bo made. It 
was not at all dillicult to obacrvo loughly )ncre position, 
anil any error of obscrvfttioii in fixing tbo place of tho 
Buii would, in tbo long nm, bo eliminated in its eft'ccta 
by taking into account a lavgo nunibur of rcvolulions. 
'I'lio degree of nocuiacy rcnuivcd in thus fi.\iii)^ the aun'y 
place among tho Btaia wiiH uidi'ly different fiom that 
demanded in llio 

MKAHUitJiMKN'f W Tilt! BU,\'3 ])1«TASCJ]:. Thu priu- 
oiplra involved in tho solution of tbis great problem wcro 
ivfli undcratooii by tho old (Jreck astronomcra, and wore 
applied by tlicm succcssfisUy in measuring tbo dislancc3 
of inaccessible ohjcets on tbo aurfaco of tbo earth. 'Warn 
priiioiplcs aro so simplo that a knowlc<Igo of tbo very 
fii^t rudiments of geometry will suflico to render intolli- 
gii)Ie tbo metbods ivbich are employed in obtaining tho 
(lata for computing tho distances of tbo heavenly bodies. 

Suppose it were rwjuircd to learn tho disbtncc of tho 
object A from tho point 0. I'"rora send to A tho visual 
)uy A, then lay olTnny line from B perpendicular to 
A 0, and measure ita length. From B draw tlie visual 
ray B 0, and meaauro tbo angle B A. Wo havo 
tlms formed a right-angled triangle, in whicb tho aiiglo 
at G ia a right angle, tho base, B, is known by mca- 
Huremont, aiid the anglo B A ia known in thn samo 
way, henco may bo computed, by tho siinplcMt elements 
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of ti'igoiionictcy, the length of tlio (IkUiico C A, or tlio 
required qHaiitity. 

Any error committed in t!io mciwiircmcnt of tlio aiiglo 
B A growa inorc i)o\verfu! hi its effect on A, in pro- 




portion to the mirabor of times G 11 iiut^t lie tiikcii to 
measure A. In oiu- iiitcniiit to meitsuro tlic suit's tlis- 
tanoo wo aro limited to a base lino equal in length to tlio 
earth's diameter, and lienec it bccomea necessary to em- 
ploy every refinement of art to oliniinato aa far a3 pos- 
sible tbe evrora involved in the measurement of tUo angle 
B A, or its eomplcmcnt, tlio angle A H, on whioli, 
in the application of these principles to the problem in 
quiKtioH, dopcnda the moasiiremont of the Hun's distance. 
I'liis quantity is the great key which nnlooks all the mys- 
teries of the entire system. Upon it depends directly 
the mas.s, volume, and density of the sun, the distances, 
weights, and magnitude of all the pkneta, and oven llio 
raaasea and distftncca of the fixed Btars. It is for this 
xmmn that moilorn science has spareil neither lime nor 
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ffionoyj neither skill nor irtgemtity in the effovt to reach 
BH exact solution of this grand ptobScm, 

'XliiE soiiAU PAUALi.AX. — In caso an observer were 
located at the sun's eoiitcr, and from liis oyo two visual 
rays were drawn, ono to tlio center of the ctnth, the 
othor tanj^ont to the SjiUoriciil surfaec of tlio earth, thusc 
rays would form an aufflo with each olhcr at Iho eye of 
llie observer, and tliia initio h called llie siin\s /mrizoit/al 
jmifill'Aj:. 



IT 



Thus >> reprewiiting (he sun'y center, G the center of 
OiiHh, OR a radius of t!io Ciirfh pcrpcudicular to tiio 
visual ray S 0, and S 11 tho visual ray drawn to the ck- 
trcmity H of the radiua, tho angle II SG is llio saUir 
jtaraUax, and in caso it woro poiwiblo to measiiro that 
anglO) m the anglo S 11 is a riglit^nglo, tho remaining 
iparta of tho triangle RS C bcoomo known by corapula- 
tation. Thus it appears that the probloni of measur- 
ing tho sun's distance from tho earth i^aolvea ilsclf into 
obtaining tho value of tlto sun's horizontal pnmlUtx, 
or tho angle under which tlio earth's radius would bo seen 
fi-om the sun's center. 

No instrumoiits havo yet Iwoa constructed suflieiently 
delicate to accomplish dbectbj the mcfisiire of this im- 
portant quantity with tho requisite preeision. Hut tlicro 
is an mdirecl method, which hiia been employed by 
moilern astronomers to accomplish tlio same object, which 
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has been rewarded with satiafactovy succras. 'J'hia metlioil 
we bIiuU now proceed to explain, 

From the most rctnofo :iiitk{uity it has been known 
that tlicre me two planets, Mervunj and Yemts, which 
ap|jear to revolve avouml the sun, novcv receding from 
that oi'b hoyond certain narrow and well defined limits. 
'I'ho distinices from tlicsc planets to the sua arc less than 
the earth's disdmee from the same lunjinary, and hence 
Ihcy must at each of titcir rcvolntions pass hctwecii tho 
carlli and Hiin. Modern suicnco liaa confirmed tlieao an- 
cient disoovcricSj and the telescope has cvcix sihown lliat 
on certain rare occasions each of these planeti aclnally 
jKtases between the solar disk aiul the eye of an oljserver 
on the earth, and appears as a j-ouncl Made spot on the 
liriglit surface of tho snn. Tlicse pasfsa;;es of tlic planets 
iicrt^s the solar disk arc called tramils, and it happens 
that the Iransils of Venus furnish an admirable nieaiis 
of RKlucing tho errors involved in tho direct nieaaure- 
ment of tho solar paruJlaXj as wo shall now proceed to 
explain. 

Wo will fu'st present (he principle iuvulvcd, and lliun 
nmko the application, 

Let it be rcijuired to defcrmino tho distance of the 
jKjint A from any inaccc^iblo aurfuco, as 1), and that: 
A A' is tho longest base line which can jjossihly bo em~ 
ployetl. In case tho distance of tlio point B' on the aur- 
liiec C 13 bo required, then the anglt^ B' A' A and B' A A' 
must ho mcasiired, and tiieir sum, subtracted from lilO ', 
givis for a remainder tho anglo A B' A', or the niigle 
under which tho lino A A' would be seen by a spcelator 
at B'. !Now this angle, because oC its miiiute value, may 
Ijo difficult to nieasnro, and we desire to find some arti- 
fieo by which this difliculty may bo at least diminished, 
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if not entii-oly removed. Suppose tlion a materia! point 
io U located at B, nmch nearer to A A' than to C D, an 
otecrvcv at A would see tlto point \i projected on (J D at 
W, while an obervor at A' would sec Uic same point 




projected at B". Now let m supposo that tlie iroinfs B' 
and B' can bo identified and seen as round, black, perma- 
nent spots on tho remoie surface C 1); in case B is fur- 
ther from C I> than from A A', it is clear that the visual 
uiKjh iiul>tendcd by B'B", us seen from A, will bo larger 
tlmiL ilie visual angle subtended by A A', as seen from B', 
ill llic jiroportioii ofthe diataneo B B' to tile distance B A' ; 
and if B B' should be 2'- times longer than B A', then 
wouldB'B" bo 2,J times longer than AA'; and tho pi-ob- 
lem resolves itself into tho raoaaurcmcnt of tho largo 
angle B' A B" instead of tho small angle A B' A'. 

>Siich is the principle ; and wo will now proceed to iia 
appiicalion. AA' is tho diameter of the eartli. B is tlio 
phiiict Venus, and J) is a diameter of the solar disk. 
To an oljserver at A, Yenus is seen on tbe sun as a black 
8|)ot at B", wliiio an observer at A' sees the planet pi-o- 
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jeeted at E'. Venus is about 2 J- times further from the 
Buo than from the earth, hence B B' ia 2i times longer 
than B A', and therefore B' B" is 2| times greater than 
A A', or 21 times greater than the diameter of the earth, 
as seen from the sun, or Jive times greater than the sun's 
horizontal parallax ; it is therefore but one fifth part as 
difficult to measure tho angle B'AB" as to measure the 
angle A B' A'. 

There is another important a^Jvantage gained in using 
the transit of Venus in the meaaurement of the solar 
parallax, arising from the faet that modem science has 
obtained a very exaot knowledge of the relative velocity 
of Yenus across the solar disk. 




If ive note, then, exactly the moment the planet is in 
contact with the solar disk at p, and also at p', this inter- 
val of time will give an enlarged measure of the chord pp', 
described by the planet as seen from the station A. In 
like manner the observer at A making the same obaevv*- 
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tiona at q and q', we shall obtain the relatiye lengtlia ol 
two chords, and hence an accurate measure of the inter- 
val B' B", by which they are separated, or of five times 
the solar parallax. 

Although this problem may appear somewhat complex 
at the first, careful study will render it, in these general 
outlines, very simple and easily intelligible. Its high 
value in the measurement of the very most impojilant ele- 
ment in the entire system of the sun and his satellites 
should secure from the student all the time and attention 
necessary to its complete mastery. 

Such is the importance attaching to this great p bl n 
that at the last transit of Venus, governmental exj li 
tions were fitted out at great expense, and obae s w e 
dispatched to poinla on the earth's Burfsice aa f u d r 
as possible, each observer noting, with every \ ut n 
the exact time in hours, minutes, and seconds f m the 
first contact of the planet with the suu'a disk, «{ t the 
moment of last contact. 

It will he seen that the problem, as presented above, 
ia freed from many eomplicationa which surround it in 
practice, such as those arising from the revolution of 
the earth in its orbit, its rotation on its axis, and the 
feet that the observers are not located at the extremities 
of tbe same diameter of the earth. These and other 
mattera Etffecting the result being carefully taken into 
account, we have obtamed, for the value of the sun's hori- 
zontal parallax, when at his mean distance from tlie 
earth, 8".6, oi eight and six-tenths seconds of arc, 
showing that this giAnA orb is removed from the earth to 
a distance of about mnety-fivc millions of miles. 

We shall recur to the transits of Mercury and Veoua 
when we come to treat of these bodies. 
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I'iii^ sun's ukai. maqsitiidk,- -McK^rn instniinonts 
ouaMo ua to mcasuro \vith great oxactitudo tho anglo 
subtuiKluil l)y tlio aun'a appavcnt diumeterj an aiiglo whoso 
Viiluo at tho Buii'a mean distaTico amounts to 32' .1". 
Jkt a globe reniovcd to a distivnce of ninety-five mil- 
lioiiH of miles, and yet having an appi'cnt diameter 
of S2'.l", must have a real diameter of no less tliiin 
882,000 miles i» lengtli, or moj-o than ono huiidi-eil an<l 
eleven times longer than tho clinmoler of our curtli, as wo 
shall horcitftcr sec. Thia oiiahlcs ua to compavo the bulk 
or volume of these tivo globcSj and we fitul that it would 
iKiuin, no kss thin one million thuo huiuliul inrl eighty 
luHi thou4.i«d foui hundicd ind '(ni.iit,) two gtot)i,s as 
lu^o t^ tho eiith to fill tho vast mtaioi of i liollow 
globe IS higo 13 tho bun 'J-his is t coinpiiimn of bulk 
only , the iclitno weights of tho caith md sun must ho 
considoicil Jieriaflei 

It this wondeiful globe c\cit(.d out admintion bj tho 
spkndoi of its suificc, ami its floods ot h^htand liuit, 
how must thia admnilion bo mcuiised when wo conlun- 
pl ito its giait diattnco and its gigantic piO|H>itions ' 

TjIF PinSItAL GONSIIIUIION Oi llll^ 8ti^ — Butfoi 
tho aid derived fmii tho toleacopo man could never have 
passed boyond mere eonjceturc as to what lies on tho sur- 
face of tho sun. Tho telc3C0|)c, liowcver, magnifying a 
thousand times, transporta tho ohsorvei: ovw a vast pro- 
povlion of tho diatanec aeiim-ating Jiim from tho Bolav orb, 
and plants liim ins]>aco within Bincty-five^/fOKA-rt^i/ miles 
of the aun'a surSicG, there to examino the plienomena re- 
vealed to his sight by this magio tutie. We may, there^ 
fore, regaixl tho ami's distance as reduced to the lliou- 
aandth part of its actual value, and we should not bo 
surpriseil to fital ui>on a globe of such grand proportions 
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fliietuftiions and cliniigcs ivhicli, at this rcducctl distance, 
may bccomo distinctly visible. 'I'his anticipation has not 
been disapjKiinted. 

The solar aro'i's. — To tho naked eye tlio eun'a sur- 
face presents a. bUino of insufferable splendor, and even 
wlicn this intense Jigbt is reduced by flio iise of any 
tranalucent mcdinni, the entire disk appears evenly 
filiaded, ivitli a, alifjht diminution of !ij;ht avouTid tlio eir- 
cnmferciioe, but witiiout visible spot or variation. When, 
however, the jTowcr of visioii is increasc<l a liundrwl or a 
thousand fold by telescopic aid, and when the intense 
beat of tbo Hun and liis ajually intense light arc reduceil 
by the iiiterpasition of deeply colored glasses, tho eye rc- 
cogninca a surface of most wondort'ul character. Insttiad 
of linding the sun everywhere equally brilliant, the tele- 
scope shows sometimes on ifa surface Hack spois, of very 
iri'egiilav figure, jagged and broken ju outline, and sur- 
rounded by a peinmtbra conforming in figure to tlw gen- 
eral outline of tho central black spot (called the nucleus,) 
but of jiRicli lighter shade- Even where thero arc no 
siiolH. tlie surface of tho sun is by no means uniformly 
brilliant. The entire surfiico has a mottled appearance. 
with dolieafo |>ore3 or points, no one of which can be 
readily held by tho eye, hut a group of them may souie- 
tiines Ijo Beizcd by tlio vision under favorable almospheriu 
ciraunistanccs, and can bo held long enough to demon 
Ktrate that these mimtte pores do not change tlieir relative 
jsosition, or disap|>cai' while under the eye. 

JSesides the mottling of the surface, the telescope de- 
tects in tbo aolar orb a variety of brighter etrcaka, called 
favuftB, whose appearance has been conncct«dj as sonio 
believe, with the breaking out of tho black spols. 

Watching from day to day a single spot, or « gmup 
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of spots, th uu' rfa«e, they are found to a 
together in h m d -ection, alowly to apijrouch the 
edge of th n fin y o disappear from the sight, aod 
after a ct b f days to re-appear on the op- 

posite sic disk, revealing the surprising 

fact that the sun is slowly rotating on an axis whose 
position seems to be invariable. In case those spots were 
absolutely fixed on the sun's surface, they would reveal 
the exact period in which his relation is performed, but 
in consequence of their change of figure, and change of 
position as well, we can only reach an approximate value 
of the period of rotation. This is now fixed, by the best 
authorities, at iwenty-five days, eight hours and nine 
minutes. 

During the past thirty years M. Sehwabe, of Dessau, 
has given special daily attention to counting' tlte groups 
and spots on the sun, and by preserving a record it has 
been discovered that the amount of solar sarfeice covered 
by the black spots is not only variable but that period- 
icity marks this variation. The entire change, from a 
Tnaximutn of spots counted in any year, to the tnini- 
mum, occupies about five and a half years, and the same 
time elapses from a minimum to a tnaximum, making 
the period from tnaximum to maxiimim eleven years. 
This fact is one of the most surprising revealed in the 
physical constitution of any of the heavenly bodies, and 
thus fiir has baffled the power of human investigation to 
explain it, while its mysterious character is increased by 
the &et recently discovered, that this periodicity in the 
solar spotB is identical in duration with a certain varia- 
tion observed in the intensity of terrestrial magnetism. 
Thus, it would seem, that a new bond of union is about 
to be established between the earth we inhabit and that 
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Hiiglily ocb wlieiico wc rccoive our 0U])jilie,f of iigliE, imd 

llOilt. 

8omo asti-onomei's account for tho solar apok by sup- 
posing the Sim to bo a sfjlid, dark, opaquo globe, aiir- 
rouiwted by two atmosphcros, t)ic exterior one a highly 
hiiiiinoua mid gaseoua envelope, tho interior more dense, 
and possessing great i-cflcoting |>ower. [I'lio spots aro 
supposed to result from powciful internal eonviilsiona, 
iiphcAiala fioni lutlim bicikiii^' tlirouji tlit-^e (wo (u- 
\tlopcq, and p!odu.^ii„f a imnc eUtnUl duMii in tho 
c\toiinI hiinmous atmospheie lliuio evainincd tlio sm- 
fici ot the sun and closely obseucd thi. higo solui hpots 
lulh k iifnctoi of ndmn ihle pufoinnii(>i.j and so fdi 
li nip II t iv'annppeu mco su(h ly tUi^ ihovo liypoUi- 
(- I IV (ili ^v Hint tho ciitno cvhibition icsembled tlio 
qujn^-) tfan founl by melting tlnough i tbiekstiatum 
ol ■.ohd ]co fioni beloit — tho ipiky rnd )igged ouUmo of 
tlio bhek Jiueltus bontg well repuscnttd by a smnlu 
foim 111 the opening thiough iho lec, while tho (Muinnln v 
^\as vciy fiithfuiiy jepic^ntcd by fhg thuniei poi/tom, 
of lec icmmning around tin, opening It i^ not to ho in 
kmd fiom this eompiuaon th-it the lutlioi enloitim^ 
Iho opinion thit (lie extcuoi of tlio sun la a solid eiitst, 
Hid til tt ihist, aolu hpois mo pioduteil lioin Ibe melting 
ot till euist by the action of internal fius. Iho eom- 
pavirtoii in iiiado for the purpose of illustrating, as sti-ongly 
:« |io,^sihie, the absolute appearance of theso inexplieablo 
plioiiojiioiia, and to present as strong a contrast aa tho 
facts \vari'ant to the statement made by a. dtstlnguishud 
aali-onomcr, that tho Bun'a surface, wljcn viewed by a, 
powerful teleseoiio, itsenibles " tho aubsidoiice of aonio 
lloenlent clicmicftl preoipitaEca in a ti-ansparont fluid." 
Bo fur from this Ijeing tho case, tlio sharp outlines of tho 
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pemimbra surrouinling the dark epots haa often been seen 
to cut directly across tke minute poreSj dividing them 
sharply and sometimes equally. 

Recent observations seem to demonstrate that what has 
generally been considered the solar sarfaeo is really the 
exterior of a cloudy atmosphere beneath the luminous 
ocean surrounding the sun. Mr, Dawes, by an cye-piceo 
of his own construction, bearing a metallic diaphragm, 
in which a minute hole is pierced, coincident with the 
axis of the telescope, has been enabled to make a very 
critical examination of the solar spots. He finds in the 
center of the dark spot a smaller opening, which is, as 
now seen, intensely black, and this is at present regai-ded 
as the real surface of the solar orb. The same distin- 
guished observer has announced tho discovery of an actual 
rotation of the solar spota about a central axis. This 
important fiict has given rise to speculation as to tho 
probable cause of these wonderful fluctuations which occur 
in the solar atmospheres. 

It is conjectured that these exhibitions may be pro- 
duced by tremendous storms or whirlwinds resembling 
those which sometimes sweep over the surface of the 
earth, and wh<ffle vorticra, if seen from above, would 
present an appearance not unlike the spota on the sun. 
Wo understand how these tornadoes are generated in tho 
atmosphere of the earth, but it is useless to attempt to 
conjecture the causes which can produce such amazing 
efi'ecte in the solar atmosphere. 

ISTENSITT OP THE SOLAR HEAT. — Admitting that 

the heat of the sun falling on the earth is diminished in 
the ratio of the square of the sun's distance, it is not diffi- 
cult to form some approximate idea of the intensity of the 
solar heat at the surface of the sun. By exposing a sur- 
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fiicc of ice to tlio direct action of (Iio sun's Jicat, ivhen the 
mm was nearly vortical, 8ir Jolm Ilersclto! detcrroiiicd 
by exporimcnt tlio tliickncHS of the ico melted in a given 
fiino. 

Fi-om this and Yiko oxporimcnta it is Jetcrinincd that it 
would require the combustion of more than one hundreil 
and thirty thousand pounds of coal per hour on eaoli 
sqvarefool of tlio sun's surface to produce a heat ciiual 
to that radiated from tho solar orl). 

When au image of the Bun is received on any surface 
it is found that the central [loint of tho inuigo is moio 
heated thau tho parts near the circuiufcienco, and that 
tho tcmporatuvo diminishes from tho eijucitor tonaid tho 
poles. 

'i'jiB sus's ATSiospiiBKB.— These facta have boon ac- 
coiinled for by supposing the sun to bo surroundctl by a 
dense atmo3phei-o, and that tho heated lays which pa"'* 
tljroagli the deepest part of this atmosphci'o lose a por- 
tion of their heat, and liciieo tho rogions around tho disk 
of the sun aliould be, to us, less heated than tlio-^e near 
tlio center of tlic sohu' orb. There aro some phenomena 
attending a total eclipse of the sun which seem to sustain 
this hypothesis of a solar attnosphcic. At the moment 
tho ecliijsc becomes total, there is seen to burst from tho 
jet black disk of tbe moon a sort of hulo or fflonj, radiV 
tinj» on every side, and presenting u spectaclo of won- 
derful grandeur, so much so that on tho oecusion of tlto 
cclipio of July, 1842, witnessed at Vn\'m, the entiio 
iwpulaeo buret into a shout of wonder and adnuration. 

There also apj)eiircd, at {he same time, Jlamr.i of ^/e 
(iartinj^ fi-om behind the limb of the moon, rcsomhlinf; 
mountains of rose-eolorcd lightj rising to tho height of 
forty or fifty thotisand miles ulwvo the surface of tho snii, 
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llicso Jlamcs arc known to assume (lie form of clowly 
cxhahtifins which, iii aoino iiistsinceSj seem to l)e dviftcd 
likcHmoko naeendiiig ill a calm atmoHpherc to accitain 
level, where it mecta a current ami in Iwriio olT liorizim- 
taily. 

'i'hei'C is jiiiiitlLCv phenomenon attending tho riainy uni! 
Betting of tho buu at certain Bcnsonn of tho year in tUo 
ahapo of a vast beam of fiiint, gauzy light, of knticular 
form, rising from tlio point of sunset in tho evening, and 
»ti-etching upivni-d in tho direction of the eun's path some- 
times 70 ■ or 80". This is callwl tho Zuadkul TAijht, 
aud has long been regarded as tho evidence of uncon- 
dciised nebulosity, or a material atmoapliere anrrouiiding 
the wpiatorial regions of tho ami. 'I'lio central lino, or 
axia, of this luminous bciim docs not appear to bo fixed 
in position, and hcnco a diflieulty arises not readily re- 
moved by the hypothesis of a material atniCiphore. 

fiome have supposed this myatorious himinous koiio to 
\k) a nebulous ring surrounding our moon, while others 
have regarded it aa an jminenso ring of minuto aatcroidi 
or meteoiB, revolving round tho eun, and slowly subsid- 
ing into this grand luminary, and by tlio conversion of 
tlicir vdocity into heat, as they fiill in a perpetual shower 
on tho Bun, oi aie burned up in the solar atmosphere, 
Iccepmg up a supply eipnl to the vast radiation shot forth 
lioni the sun tt ovuy moment of timo. White wo aro 
willmg to admit that \ matciial globe, falling into the 
solar itmospheie, may generate immense heat, in pra- 
jiortiou to Jts mignitmlo ind velocity, it seems quite ini- 
po-Aiblo to adopt tho hypothesis that tho nodiacal light is 
oitht-r a matcnal solar atmraphcro or a ring of revolving 
inoti.ois, i-i it extends to such ft vast disianee from tho 
sun, ihit it levohiii^ with the sun, as does our almo- 
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Rpherii with tbc eai-tli, tiiC particles woiilii bo tlivown bc- 
yiind tlio control of tlic biiii and would bo dissipistcd into 
spaco. 

Wo are compelled to acknowledge that np to tlio pres- 
ent tliise science him I'cndorcd no Kifisfactory account of 
the origin of tlio soliir light or'licat. Wtioiico Gonie» tlio 
cxltnustloss supply, scattered so lavishly into space in 
every direction, ivc know not. Neither ia it pmsiblo to 
f;tvc a satisfactory solution of tlio solar spots, or of any 
of tlic sti-angc phcnomona attending thoir rotation or 
translation on tlio sun's surfiico. !rho idea that torna- 
docg and tempests rage in tlio deep, luminous ocean that 
sin-TOUiuls the sun, like tlioso which somctinics agitato 
the utmosplicro of tho earth, has no solid foundation. 
We know tho exciting causes of tho forniuloos on earth, 
but why such storms should exist in tho solar ))hotoKphcro 
it is in vain to conjecture at present. Doubtless tho Unio 
will eomo when these phcnoniona will bo oxj)lainc(l. I'or- 
scveriiig and well-directed observation will, iii Iho end, 
Iriumiih ; but these arc niaitei\^ whieli must he consigned 
to the rosoarehos of posterity. 
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ONS.— MOTIOH UlEKOT A! 



No discovery made by tho aneicnta gives vs a liighcr 
idea of tile care and scnitiny ivith ivliicli tltciv Hstvoiioin- 
ical obsoiTutions woro eomhictcd tliuii the fact tliat tlic 
minute pliraot Mercury, so difficult to ho seeu, nw\ ao uu- 
diatinguisliiiblo from the fixed stars, was discovcrctl in 
tho very earliest agca of tlic world. 'I'hat tho briglifcr 
planets, euob os Venus and Jupiter, ivJtose brilliancy ex- 
ceeds that of any of tho fixed stars, aliould liavo been 
detected to bo wandering Iwdies, even in tho roinotest 
antiquity, is by «o means surprising. ]''or in ivatehtng 
the BUn rising and the sun settin};;, bo as to note, in tho 
first instance, the utars ncni'cst to the sun, which were 
the Inst to fade away, ami in tho second, those atara wliich 
ivci'c the first to become visible, tho change of pwiition 
of the planets Vcnns and Jupiter could not fail to attract 
the attention of tho student of the heavens; but tho 
planet Mei-cury J3 bo smaH, and so rarely viaiblo, even to 
the keenest eye, that it is said Copcntieus himself, during 
his whole life, devoted to the study of the heavens, never 
once caught sight of this almost invisible world. 
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McvcHiy, in his appcaranco to tlio naked eye, is not 
(tistiiiguiBliablo from the fixed stftt-a. His olosu proximity 
to the sun, the fiiet tlmt ho is never visible exeopt near 
the horizon, amf the inteu-co brilliancy of his disk give to 
linii that twhikiing appearance which dJstinguislics tlio 
fixed atais. Notwithstanding jiH tUcso difiiciiltics the 
oldost nsti-ononiors managed to acquire a very coniplcto 
knowledge of the principal facta connected with the 
movement of thi^ phmct. }iy a onrefiil and coiitirnioiis 
cxamiuatioii it was found that Mercury never receded 
Jnoro than about twenty degrees from the sun's center. 
't'ho amount of recess, or ehnyation as it is ciilletl, was 
soon dis,covei-ed to be a variable quantity, a fact which 
demonstrated that in case the planet revolved in a. circu- 
lar orbit, inclosing the sun, the sun eouW not occupy the 
cojitcr of tliis cii'oio. By watching the elongations IVonr 
rtivolution to rovohiHon, it was found that llioy varied 
fi-om a minimum of 16" 32', to a maximum of 20" 48'. 
Knowing the amount of this variation, and watching 
carefully the progressive change, it bcoanio possible to 
reach a tolerably accurate knowledge of tlio natuvo 
of tho orbit described by the planet in ita revoluUon 
around the sun. It was soon discovcrctl that in sowo 
portions of his orbit Mercury advanced with tho sun in 
his march among the fixed stars, while in other parts 
of Ills orbit bis motion Iwcfime retrograde^ and in tlio 
change from direct to retrograde, and tho. reverse, tlie 
planet apparently ceased to move, and for a short tinio 
became stationary. 

It will be seen that all these changes arc readily ac- 
connted for by supposing the planet to revolve about the 
sun in » circtilar orbit, tho snn being eccentrically placed. 
If we conceive two visual rays, to be drawn from tho eyo 
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of the ol^pnei, and tii^ent to tlio mint of Mercury on 
the vlglil mA on the loft, the plimct, \\hilelmveniiiig that 
iii-c of ils oihit intoiccptcd between the poiuta of contact 
ami iicaixst to the cjo still mo\o direct; in passing 
tlii-ough tilt, |>oint of eoiihct after tlnoet niotbii ceases, it 
will move oft m the dncction of the viaiial niy, and hence 
will aj)pe'ir f,(alionary for a shoit tiino In the larger 
portion of its orbit (tint icinoto fioni tin, eye) its motion 
must be oppoiitc to that of tlio sun, and licnco relro' 
(/rade. In conmig up to the setond point of contact tlio 
pinnot will movi ilon^; the vmi il lay toward the eye of 
the obacHcr, ind lium. fui \ alioit time will appear 
Btationary 

To account fa tho \ untirn in the olongalioiiH of 
Mcroury, we must cithoi luppo-io the point of nearcat 
approach of tlie plitmt to fho sun e^llul its pvrihelioii, 
to ho in motion oi cltL no must suppose the spuctiilor to 
be himself nioung, and thus to hehold the planet, its 
periliclion |ioint, and the t,uii, undei vaiying relations to 
each olhei As the cirly sstionomora a<<sunte(l the im- 
mobility oi the ciith, thoy oxphiintd the variatiom in 
tlio elongations ot Mcromy Ijy gnnig to its porilicliou 
point a motion of ie\oluiion tbout the snn. 
. It is impMSiblc to follow the |>Iautt with tlio naked 
eye in its cbse ippioaali to tlic Mihr oib, as ils feeble ]«- 
fleeted light 13 neeeHsuily ovcipowcicd by tho brilliancy 
of the sun, but by cloat, oWi\aiion, and by marfeiiig tli« 
positions of tlio planet at its disAppeii incc and reappear- 
ance, tlie old aslrononiers nio said to hivo roaebed to ii 
knowletSgo of tbc fact tint tins planet sometimes evoss^cs 
the 8»u'a disk, piodvicmg \s\mt h citted a traimt of 
Afercm-tf, identical in ite phenoincnt laitli tho traiisife 
of Vcnns, already sjsokcn of in connettuin witli tlio ih~ 
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Itirminatioa of Uto Bolar parallax. In ease the piano of 
the orbit of Mercury iverc exactly eoiiieideitt ivilli the 
piano of the bub's apparent orbitj it is manifest that every 
ic\olution of the planet would piotluce a (laiisit As 
tins, hono\ei, is not tho caw, ntnl as no ccnUal ti niiifc 
cm oGt,m, cxocpt \'ihon the plmct ciosses (ho -\n\m\ my 
til iwn fiom the eyo ot Uic ob cuti to tlio hun'a wmtti, 
it n iiianifoat thit ihr phmct i\kieuiy, duiin^ a ceuti il 
tnnsit must ictutllj piis thiouijh tlio crhptit, fiom one 
Bikfl this pluf li ilw othti Ihia point of pass.(^o 
thioii^h the pluiLot the buna ^pp^lLGnt oihit ii ciUccI 
tho ?(u(/e ot tlio phiicts oihit 'i'lioic mo, oi com-ijO, 
tno such poiots 'I he phnct pi'.sct, its rhicfu'liii'/ noile 
in inoMiiglioin tho ii ith to tlic south iidi ot fht, octiptie, 
and i(s usccndiny node on ilH return from tho sowEh to 
tlie north side. 

It is thus seen that in oitler to produce a transit of 
Mercury there nniat bo a mnjimclhti of the planet, its 
node, and the sun. AVJicnover this conjunction is ahso- 
Into, Mercury will pass across the sun's center. \Vhcn 
it is only approximate, tho planet will transit a sniall 
portion of tho sun's disk, or possibly pass without contact 
at all. 

An attentive examination of tho places of the phinet, 
hofovo and after a (i-ansitj led (o a pi"etty accuralo de- 
Ici-niination of the angle under which tlio piano of tho 
planet's orhit is inclined to the plane of the ecliptic. 1'hia 
angle ivas approximately determined by the ancients, 
while modern science fixed it at the eommoncomont of 
the present century at 7".00'.10". 

The motion of Mercury in its orhit is more rapid than 
that of any of the planets thus far discovci'cd, ti'avcHng, 
as it does, more than one hundred thousand- miles an hour, 



Hn^lcdbyGoOglc 



M j; u c u i{ Y , 49 

and pci-fonning its eiUire revolution about the mm in uTjout 
eiglity-oight of our daya. In case this world has tiio 
mma variety of seasons ivliicli nuirk tlio surface of our own 
earth, these will folloiv oneh other in such rapid succesiion 
that the longest of tliem will consist of only about three 
of our weeks. It is not difficult to comptitc the intensity 
of solar light and heat which falls u|)on the surfiicc of 
the planet Mercury, in case these bo subjected to the 
same modifying influences wbicli exist Ui>on tlio earth. 
JJut as we remain in ignorance of the circuiiistaneoi 
which surround this distant iilancl, it is vain to spccu- 
lalo vyiou the physical coiiHlituliori of a ttor]d«hosu close 
proximity to the sun has (Ims far slutt it out fiom the 
rciieh of telescopic oxaniiualiori. 

The diaiance of the planet Alercury from the sun may 
bo midily determined, in certain portions of its orbit, in 
ease we kno«- (ir^t tlio earth's disslanco from the sniiu 
orb. }''or example, conceive a visual ray to ho drawn 
iVoin t)io earth, laT>gcnt tu the orbit of MeiTury (sup- 
)iosed, for the present, to bo circular) j place Iho planet 
at the point of contact, and join tho center of the planet 
with the center of the sun ; also join tho centers of tho 
earth and sun— tho trinnglo thus formed, having tho 
earth, Mercury, and tho snn as the vertices of Ha 
three auglcs k right-angled at Mercury, while tho angle 
at the earth is readily measured, and ia nolhiug move, 
tndeeil, than tho elongation, for the time being, of that 
planet. Hence, in the right nngleil-trianglo, we knmv 
the angles and the longest side, extending from the earth 
to the sun, and by tho shnplest principles of trigonom- 
etry, we can compute flio remaining parts — namely, 
the distance of Mercury from the sun and fram the earth. 
By ttiis, and by other methods more accurate, it is found 
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llml Mei'cuiy revolves in an orbit around tlic stm, ami 
at a mean distance of aboitl thtrly-six millions ofmUas. 

As the entire orbit of tliis planet lies witliin the Hinita 
already assigne<l, it followa tliat Ehc [)lanet can never bo 
seen in a cjuartei-'of the lieaveiis opposilo to iho m\i\., or 
oan never be in oj)posi/ion. WJicii nearest tlic earth, aiid 
on the right lino joining Iho sun and curtli, Mercury is 
finid to bo in inferior conjii notion. AYlieu 180° dlslaut 
from this place it h on the otiior sido of the sun, with 
I'ospQct to tlio earth, and is tlien in lis superior cotijuuc- 
tiou. 

'I'lic telcscoiK! has demonstrated lliat this planet |wis.se3 
through changes like those presented hy the moon. When 
in superior conjunction the planet will bo seen nearly 
round, as in that position nearly tho whole of tlio ilhi- 
ininated surface iti turned toward tho cyo of tho ohscrror 
on the earth. As the planet eoiiies round to iis inferior 
conjoiictlon tlio light ^ailiially wanes, nntil at infeiior 
conjunction a sloiider creacent of groat delicacy and beauty 
is revealed to the eye, provided tlio phmot docs not loso 
its light entirely in tho pns-^ago acrot^^ tho suu'a dislc. 
'i'heac y)/t«scs of Mercury prove, beyond (jucsUon, tho fact 
that the planet docs not shine by its own light, but that 
its brilliancy is derived fioni reflecting the light of the 
Bolar orb. 

Tho degree of precision reached in prcdii'ting llio 
transits of Mcreury indicates, with wonderful li.u,-^ tlii- 
progress of modern astronomy. The (lint laiilicUd 
iran-iit which ^ias actually olwiTved oceurnii iu lli:!l, 
>\}ioit the limits of possible error were fixe<l by the coin- 
puter at four days; and hence Iho watch eomnienccd 
two entire days before the predietud time. 

If the transit had taken pliieo in thi' nighi iiuif, tho 
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opportunity for vcrificiition ivould Iiuve been lost. For- 
tunately tliis waa not tho case, and the toil and Kcal of 
Gassendi were rewarded with tUo Jii-st view of Mcroui'y 
projected on the solar disk ever witnessetl by mortal man. 
Nearly two hundred years later, at tho beginning of the 
nineteenth century, tlic I''rcnch astronomers ventured to 
assort that their predictions could not ho in enx)r more 
than foitij mimitcs. 'I'lie transit vrhieh occurred on tho 
8tli Kov., 1802, verified this assertion very nearly. By 
a inorc careful study of tho causes »ffccting tlic placo of 
tho planet, forty-thvcc yeai-s later, the disorepancy hotwcen 
compxitatjon and observation lyas j-cd«cci:l to only sixteen 
seconds of time, a quantity very minute, when wo take 
into account tho variety of causes aft'eoling tlie rcsolii- 
, tion of the pi-oblem. 'J'lio transits of Mercury recur at 
certain regular intervals, re^jcating thcinselvea after a 
cycle of 217 yeai's, falling for the pi-esent in the months 
of May and November. 

Having learned tlio distance of Mercury from tlio earth, 
and having mcasui-cd the angle subtended by its diameter, 
we find its actual magnitude to be much smaller than 
that of tho earth. Its diameter is hut 8,140 milcD, and 
its vohiine is but 0.063, tlio earth's volume being counted 
aw unity. 

In eomparison with the vast proportions of tlie sun, 
this little pianct sinks jnto absolnto insigiiificauco, for if 
tlie sun bo divided into a million cqnal parts Mercury 
would not weigh as much as tlio half of one of lhe«> 
parts. 
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IKCONB I'T.AXlO'i' IN ■niV. OliUKR OE ! 
TASCK mOM TUB SUN. 



I HIS i^iinct js tiio sstpond m ohIoi of (listnnco fiom 
{lie sun imX as it is tlio ino'^t bjillmntof ill tlio oiIh 
%'iitli tilt exception of the sun fni moon it » b umloul»t 
odly the fiiit diatoicietl of i»U tlio planets I ho inoio 
nicnts of tlio sun and moon among tho fixed stus mu'it 
hut. claimed tho attention of the oh&eric!^ of cclcstnl 
plienomenim the cii host ages of thei\oild In inaikin^ 
the rising and setting sun, and in noting tho aiavs wliieh 
\¥Cre the last to fade out in the morning twilight and 
tho fivst to appear in the evening after the setting of tlio 
Biiii, tlie brilliancy of Vonus could not fail to have at- 
tracted tho attention of the very first observer of Cftlo»tial 
phenomena. A star of unusual brightness was noticed 
in comprative proximity to the aun in the early evening. 
'I'lio sun's place, with reference to this object, having 
been carefully niavhe<l, for a few conseouUve nighte, it 
was found that tho distance botvfcen them ivas rapidly 
diiniinishiiig. It was readily seen that this diminution of 
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distance was duo to tho fact that tlio bright stiir wsis ap- 
proaching the sun, for by comparing its place among tlto 
fixed fiUim witb what it was a few niglits previous, tbis 
star waa found to have changed its position among tho 
group in wJiich it liappencd to bo located, and ivas evi- 
dently adviiuciiig rapidly toward tlic sun. 

Wo aro thus presented witti ibo exact facts which must 
have inavkcd tho discovery oHho Jlrst planet or ivauder- 
ing 8tav ever revealed to the eye of man. Wo know not 
tlio naino of tho diaeovercr, nov tho ago or nation to 
which ho belonged, but we are satisfied tlint the facts as 
above stated did undoubtedly occur ; and wc find not only 
profano nuthoi-s but one of the Hebrew propliet3 referring 
to this planet niott, th m two thousand five hundvetl years 
ago. !l'he student who disirca may easily re-discovor tlio 
planet Venus She will be readily recognized as the 
largest and bugbtcbt of all tho atara, and will be found 
never to recede from the sun moro than about il". l''ron» 
this distance, which she reaches at her greatest clongm- 
tion, tho planet will be found, at first slowly, but after- 
ward moro rapidly, to approach tho solar orb. She will 
finally bo lost in the superior offulgeneo of tho sun ; and 
when the nnaidcd eye ceases to follow her in her approach 
to tho sun, telescopic power will enable the observer to 
continue his observations until, finally, the sun's direct 
boains, mingling with those of tho pl»not, she cousos to 
bo visible, and is now lost for a greater or less period, 
until she omorgcs from the solar rays, appearing just be- 
foi-c the sun in tho gray morning twilight. She now 
recede from bcv central orb, finally reaches her greatest 
elongation mion the opposite side, stops in her career, 
returns again, and thus oscillates baekwai-d and forward, 
never paisjiug certain prescribed liniils, 



Hn^lcdbyGoOglc 



6i V 3; N U H . 

Aa already stated, the fuct tliat Vomig was a phmct or 
wandering star must Jiavo become known among tlio very 
fimt of astronomical discoveriea ; but it rc(|uirci:l, doubt- 
li^s, a long acrioa of obaervaiions to dctcriiiino thu truth 
that the bright star, which for somo months had accom- 
panied the setting sun, and wliicli wag at lougtli lost in 
tlie sobr beams, was the same object whieh, at a later 
poriwl, bccnrao visible in the morning dawn, having passed 
by or across tlio aolar disk. This discovery, however, is 
said to liavc been made by tUo Egyptian priests, and was 
hy them counnunicated to the Greek astronomer, I'ytlia- 
gorna, who taught this truth to liis countrymen. 

It is obvioua, from the above facts, that the planet 
Venus, like ^rercury, is beyond douI)t a true Katcllitc of 
the sun, even to the inlmljitants of the cartli, and it is 
equally manifest that, whatever bo the true relations be- 
tween the earth and tiie aim, aJid wliiohcvov one of thcso 
two bodies may bo at rest, one thing is certain, the planets 
Moi-cury and Venus cannot hy any possibility have the 
eartti for their center of motion. No matter in what 
region of tlie heavcua the sun may he found at any season 
of the year, thiMO two interior planets ever accompany 
liini. As Venus recedes to a greater distance from tlio 
sun than Mercury, it follows that tier orbit of revolution 
aiounil the sun must be the larger of the two. 'Wo aro 
thus Oiiahlcd, by the simplest train of reason and ob-wr- 
yatlon, to fix tho following facta ;— The aun is a central 
orb, about which revolvo, in regular order, two planets, 
the nearest of whJeli is Mcronry, and next to Mercury, 
Venus, with |)oriods of i-evolution, readily detcnnsncd hy 
the fipectutor on the earth's surface. These facts aro ex- 
ceedingly important as the primary ones which lead to 
tho discovery of tho trtto system of tho universe. 
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AYlion Vcnua passes between tho eye of tlic ol>acrvcr 
and the sim, alto is said to be in Iici- mjenor coujuuc- 
tion; when slie ia (Ui'cetly beyond tho sun, with rofevciico 
to the spcGbitoi-, she is in her superior conjunction, 
l-'i-om hcf inferior to Jier superior conjunction she occu- 
pies a position west of tlie smi, rises in the curly morning, 
before tlio sun, and is knoivri as Pliospliorous, or Lucifer, 
or the inortiing star. From her superior lo her inferior 
conjunction she follows tho setting sun ; she heconies 
our evening star, under tlio name of Hesperus. 

In examining the phenomena involved in t!io niotions 
of Venus, and watching her carefully in her approaeli to 
and in hei- recess from tlie sun, it ia (bmid that her move- 
ments are ahnost idcntie.il with those of Mercury- -her 
motiona for a certa' jx to of her revolution being 
ilirccl, or like tho c f tl c a she then becomes sta- 
tionary, then moves I ki^ 1 o retrograde among tho 
fixed Bhm, Ijecomes st t o y gain,, and then com- 
mences her direct mo e n t VU these facta ai-c readily 
accounted for by a 1 tt j;, tl at Venus revolves aWil; 
tho sun in an orbit nearly circular, and that she is viewed 
by a spectator situated exterior to her orbit, and moving 
aroHiKl the sun and Venus in a circle, whose plane mates 
iv small angle with the piano on which the orbit of Vcnua 
lies. If a visual ray ho drawn from tlio eye of the observ- 
er, tangent to the orbit of Venus, should the planet !mp- 
j>en to fill the jioint of c»ntact, she Will appear to move 
in the dh'cetion of this ray, and, for tho lime being, will 
Iks dii-ectly advancing to, or receding from, tho oyo of tlie 
observer, and thus will app^r stationary. "J'hat the ob- 
server is in motion, is manir&st froin the feet that the 
direct movement of Venus does not bear that relation to 
the i-eti-O0.iwlo movemcufc which is i-cquircd by such art 
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hyivotltcsia. Indeed, if t\m visual rays were drawn from 
tlio eye of a stationary obsorver, tangent to tlie orbit of 
Venus, Hiio would appear to inovo from one point of eon- 
tact to the olhcr, on the liitlicr siilo of her orbit, with a 
direet jnotion, wJiile on the further side of her orhit, be- 
tween tho points of contyct, licr motion wonld appear 
rolTOgrndo. I'iieso facts, liowevcv, ciro not presented in 
nature, andwouW bo (subverted, of coiii'sc, by supposing 
the spectator to be in motion. Iti case tlic spectator wero 
to occupy tlio iino [wissing from tho sun's centre through 
A' onus, and to revolve about tho sun in the sunio period 
occupied by tlio planet, then would tho planet ahvnys ho 
Been in inferior conjnnctioii with the suti. As this is not 
tho. fact in observation, it is manifest tliat tho angular 
velocity of tho S])cetator is not so great as that of tlio 
planet Venus, as she finally emerges from the sun's rays, 
allei' her inferior conjimction, beyond tho line, joining 
the sun's center and the eye of tho beholder. I (ere, then, 
is another important fact, which must bo taketi into ac- 
count when lYO shall inquire into the true system of na- 
ture, as presented in tho organisation of the planetary 
worlds. 

In caso tho eye of tiio observer wero locatetl in tho 
Mmo plane in which tlio orbit of Venus lies, this piano, 
passing, as it docs, tbraugh iho sun's center, it is oloiiv 
that at every inferior conjunction of the planet tbcro 
might bo seen a transit of Venut, wliilo at evci-y hu- 
perior eaijunetion, the planet would bo occuUed, or hid- 
den, by passing actually behind the disk of the sun. It 
liappons, however, that the piano of the orhit ol' Vemis 
docs not coincide with the pkno of the ecliptic, or earth 'a 
orbit. Thcso planes nvo inclined to each other, under an 
angle of S" 23' 28".5, one half of the orbit of Venus 
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lying iibovo, or north of tlio ecliptic, the other half lyiii^ 
below, or south of the ecliptiG. The point in which 
Ycnm passes from tho north to llto south side of tlio 
ecliptic is callel the dcscendhif/ iiode. Site i-cturns from 
tho south to the north of tliis piano through tlio ascent!- 
iiig node, nnit tlic lino joining these two jKiinta is called 
tho line of nodes. 

'I'lio transits of Vemis, unfortunately for astronomicul 
Bcienco, are of very rare ocenrroiico, anil arc sepai'atcd 
hy intervals of timo which avo very unciiual, 'I'lio peri- 
ods from transit to transit are 8,122, 8,105, 8,122, &c., 
yoara, for a long period falling in the months of Juno and 
iieccmhcr. Aa already stated, no transit can occur cx- 
cc]>t when tho planet is in the net of passing her node at 
her inferior conjunction, while, at tho saino tiiuo, tho 
earth is erasing tlio line of noilcs of tho planet prolonged. 
This line of nodes, though not fixed, moves very slowly, 
and at this timo crosses tho earth's orhifc in thoiso I'o- 
gions passed over hy the earth in the months of June 
and Dccemhor. After a traiisit the relative motiou of 
Venus, tho earth, and the node of tho orhit of VenuN, is 
such as to render it certain that within eight years an- 
other transit will occur, as within this period Venus docS 
not, at her inferior conjunction, rcccdo too far from tho 
plane of tho ecliptic to render her transit impossible. 

In our account of tho determination of the solar pnral- 
fes (Olnap. I) we have stated that tho distance of Venus 
is readily determined by tho measure of lier horiirontal 
parallax. Her distance may also bo determined, after wo 
have learacd the distance of tho sun, by the samo method 
us«l in measuring the distance of Mercury (Chap. II). 

By those and other mcthoils tho mean distance of this 
planet from tho sun is found to bo about sixty-eight 
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millions of mi!cs, and from tlio meiisuro of lier a}ipa.i'cnl; 
diumotcr lye conclude her actual diamotor to be 7,700 
iiiilos, 01- a little Ipss than tlio diameter of the earlli, m 
wo sliftll SCO hereafter. 

'Che period of rot<ition of Venus haa not been well de- 
termined, but from an examlnntion of indisliiiot spots, 
Bomotimea visible on ber face, it is conjcctuu'd that she 
rotates on her a.xis in iiboHt tivontj'-four hoxirs, or in tlio 
same period occupied by the earth. 

'i'he ctuingcs in the brilliancy of tlio planet A'enua 
ai-o accounted for in a (no-fold way. In cab(! tlio 
ol)3orver is really exterior fo lifv orhil, as (he platiot'a 
distnnce from tho sun is on the avciago CH,0O0,000 
of miles, then i\)icn tho planet occupies that point in 
her orbit nciuesfc the observer shenill bo cloior to tho 
eye than when in tho opjjo'^ito point of her orbit by an 
amount equal to no Icsa tlinu double her moan dis- 
tance fram tlic 8un, or 130,000^000 of miles. \\'o readily 
perceive that this vast iucrcfiiio of dialaneo nmut diminiHlt 
in dii'cct proportion tho apparent diameter of the planet, 
and thus ber biiglitncBs must decline, as she reocdi^ fioni 
her nearest to her gi-catebt distance from the obserTOr. 
To this cause, Iioivo^or, of a change of brilliancy, is to ho 
added another of still greater importance. Wo liavo 
ali-eady stated that the planet Vonus, wbon seen pro- 
jcotetl upon the sun's disk during hor trnnait, ap- 
poara as a round, black spot on tho brilliant sui-feco 
of the sun. This fact deraonslxatea, beyond a doubt, 
that the planet Yenns is a dark, opaque glolio, de^litut© 
of light, and only visible by reflecting the light which it 
reccivcfl from the sun. If further evidence of (hid hiaic- 
incut were wanting, it is fotind in tlio fact that after tlio 
planet passes her inferior conjunction and bocoin»i visi- 
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Mc in emerging from tlio sun's beamBj she is firfit seen 
by tlio teleacopo as a slender and delicnto crescent of 
silver liglit. Aa fiho recedes iVom Iho sun this phaao 
gnidiKtlly cJiangea ; more and more of her illumiiiutcd 
heinispliere becomes visible, until, finally, at lier superior 
conjunction, her disk becomes round and woU-dcfined. 
Tlic same facts arc truo of tho planet Moi-cury, and tlius 
is added another powerful evidence that these two planets 
are Hatollites of the sun, revolving ubout this luminary in 
orbits nearly circular, and deriving tlicir light from this 
great central body. 

When we como to measure accurately the greatest 
elongations of Vonua wo find them iinequal. hi case 
the spectator ivere stationary, and admitting the circular 
form of the orbit of A'^enus, these inequalities could not 
occur. AVc thus are led to believe, cilhor that tho orbit 
of the planet is not oiraular, or, if it bo circular, that tlio 
Bun is ccceHtrically situated, or that tho observer himself 
is in motion. 

It is (lossiblc that any two, or oven all of these causes, 
may combine to produeo the phenomena presented in tlio 
movements of Venus. We slmll recur again to these 
nmtlcrs »hon we come to consider tho great problem of 
tho truo system of the univei'se. 

The extreme bi ightness of this planet makes it a very 
beautiful but difiioult object for telescopic observation. 
Although spots have been seen upon tho aiirfnee of 
Yemis, and by their close examination her period of ro- 
tation upon her axis has been approximately determined, 
I have ncTOr been able, at any time, with the poweifui 
refractor of the Cinoiimati Observatory, to mark any 
well-dcfin«J dillerenccs in tlio illumination of her sur- 
fiice. If ive arc to trust to tho obaervationa of othei^, 
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liio iiiequaliticB w^iicVi cSiversify llie jjliinct Vcima Fav ox- 
ceutl in giamletir tlioso found upon our earth. It ia 
stated hy Mr. Sclirotor that, from liia own oleorvationn, 
the iiiountJiina of Venus reach an nltitiido Jivo or aix. 
times greater tliiin tlio loftiest mountaina of our own 
globe. 

)t hns lie^'H nflirmcd by several distinguished as- 
tronomers that thi« planet is accouipanicd by a minute 
Bat«llito, but l)y the aiiplicatiou of the most poiverfiil 
teleacopes, during tlio preaent century, and after tbo 
moat rigid examhiidion, this statement lias not been coit- 
firined. It ivaa supposed that during iho transit which 
occurred in 1760 the disputed tpiestioii as to the ex- 
istence of a moon of Venus would be positively settled. 
"While the phnet was distmotly been as a dark ajjot 
upon the suifatooftbo sun, no telescopic iwwor (iould 
dcttet any dirk ohjcet winch uught bo a satellite. Al" 
though wo cannot absolutely aflum tint Venus has no 
satelhte, wo may safely say, that if thoo Ijo one it yet 
remtuns to bo diswvoicd 

The amount of light and heat whieh the earth would 
rcano fiom tho sun, if icvohmg m the oibit of Venus, 
would bo nearly twice as great as that now i-eccived j but 
this does not justify us in concluding that tlto planet 
VcniB has a mean temperature nearly double tlmt of tlto 
earth. "Wo know that a powerful influence is exerted by 
(ho earth's utmasphere to mmlify the solar heat. There 
may exist an atmosphcro surrounding Venus such that 
Iho temperature at her surfitco may bo no gi-ewtor thaii 
our own. It is usete, however, as wo have already re- 
nmikcd, for ua to speculate about matters concorning 
whieh wo positively kiiow noEhinj;. 'I'liero are some in~ 
diciitioia in tho telescopic appoai-anco of Venus that slio 
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is surrowndijd by an extended atmospliore. AVKcn pi'tv 
Bcntinj; tlio form of a. ercseent of light, tlio slender horiia 
aix! found somolimcs to extend beyond the HiniCa of a 
Mmi-civGunifemnee— a fact only to Ijo aceouitled for, bo 
far as wo know, by admitting atmosphorio rofiaetion. 
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liii iiu iit-iilil not itti on (Ut, tilth h oho ct tlio 
j hii t 1) oiN ihcic Mtmcl lo bo no amlo,') bttwcui 
tUs. woild which flo nihnbit, iiiili ib dnik, oiiwjuc, luiil 
di\ci^ifie(l RuifiKC ami tho-,( linlli int plmuH nhioh pui 
hucil thou nijstiiious jouiiity »mong the stiH bunk 
as they were, so deep m spice, it «ns \ciy (hOimlt to 
It If h aiy coii'oet Vno«lc(lgp of then nb^olato m ij'nifu'h 
'lh( uiith secmu!, to the heiiHi of mtn, vastly hi^n 
ih n my 01 "il! of the^c l(\ol\iiig woihh Atioiit Iho 
( utli IS 1 fi\eflcentei, th( ^ihole toiieav*. ot the heft^cn*, 
Mitli all ita stauy eonstcllatious, appcned to inohe, 
prixlucing the alternations of (lay and night. It Wiis not 
«nn«tur«l, thei'cfore, kiiowinj; the central position ol' tho 
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earth with reference to the fixed stars, to assume its cen- 
tral position with reference to the sun, and moon, and 
planetary worlda. 

There is no problem perhaps so difficult as that pre- 
sented in the attempt to discriminate between real and 
apparent motion. To all the senses the earth appeared 
to be absolutely at rest. It could not be affirmed tliat 
any one had ever seen it move, or felt it move, or heard 
it move, -while the sense of sight bore the most positive 
testimony to the motion of the surrounding orbs. It must 
be remembered that, in the primitive ages, the great 
objects of observation and study were the sun and moon. 
Five planets were indeed discovered, at a period so re- 
mote that no historic record of the feflts of their discovery 
now exists. They seem to have been tnown to all the 
nations of antiquity, and a knowledge of their existence 
appears to have been derived from a common origin, as 
we shall have occasion to notice more particularly hei-e- 
after. A few of the more obvious phenomena presented 
in the planetary movements were known and studied by 
the old astronomers, but when these motions became to 
them inexplicable, tbey frankly confessed that these 
matters must be left for the study and development of 
posterity. 

If, tiien, we confine our attention principally to an 
examinaf n f tl 1 and lunar motions, and to the 
general r It f th sphere of the fixed stars, in our 
efibrts to d t n th true position and condition of the 
earth, w h 11 finl rselves compelled, as were the 
celebrated C k t mcrs, Hipparchi^ and Ptolemy, 
to admit t ly th rth's central position, but also its 
absolute immobility. It is, undoubtedly, central to the 
moon's motions, and it is equally central to the sun's 
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movomcnt ; that ia to Bay, all tlto plioiionicna of tlio Koliir 
motions arc as well accoiipitcd for by supjioaiHg tlio cavllt 
to bo tbo center about wliicli tlio suii revolves, as* l>y Bup- 
p<King the coiivciao liypotUesia, that tbc sun is tbo contoi- 
about ivbieh tlio earth rovolves. 

So far, tboiij as tiicao two great linniiiai-ic» aro con- 
cerned, tbo liyijotbeais of the earth's central position is 
well Bustaincd, and almost indispnlablc. ;[t is only when 
wo extend our investigations to the inferior and superior 
planets, and gather together a multitude of facts and 
plieriomcnii demanding explanation, that wo find ouraolvea 
Jioccssarily driven into so great coinplexity by rotairn'ng 
tho central position of tho earth, that at last wo begin to 
tlouht. AVe have already noticed tho rcniarkahlo movc- 
menta of tbo two plaucta A'enusand Mercury. Wo shall 
find hereafter that pbcnomcnit of a lilto charaotor were 
presented iu the movements of Mars, Jupiter, and Sa^ 
turn, each of whieh planets was distingtiished by ils slet- 
iions, retrogradutions, and advances among tho fixed 
stara. 'I'he ancients not only adopted tho hypotbesta of 
tbc earth's central position and immobility, but, for evi- 
dent reasons, likewise adopted the bypothesis that all mo- 
tion was performed in circular orbits, and with uniform 
velocity. Wo have already seen, in our cxiinitnation of 
the Bolar motions, that this orb did not move to the cyo 
with uniform vcioeity, hut this apjiai-cnt deviation from 
uniformity was readily accounted for by supposing tbo 
earth to be placed a littlo eeecntrio with reference to tbo 
sun's circular orbit. 'I'lio same facts becoming known 
with reference to tbo moon's motion, a liko hypothesis 
WHS iMloptcd, and the earth was placed ecocntncally within 
tlio lunar orbit. In marking the planetary movenienta, 
tliey were found, however, to differ radically in somo 
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particulars from the movements of tbe sun and moon. 
While these great luminaries always advanced in their 
revolution among the fixed stars, the planets were found, 
in making their revolution, not only to stop, but for a 
time actually to turn back, then stop again, and finally 
to resume their onward movement. No eccentric p<Hi- 
tion of the earth could account for these stations and retro- 
gradationa ; but a very simple expedient was devised, 
which rendered a satisfectory account, in the primitive 
astronomical ages, of these curious phenomena. Retain- 
ing the central position of the earth and the circular 
figure of the planetary orbits, each planet was supposed 
to revolve on the circumference of a small cb'cle, whose 
center was carried uniformly around on the circumfer- 
ence of the great circle constituting the orbit of the 
planet. By such machinery it will be seen that it be- 
came possible to render a eatisfactory account of the sta- 
tions and retrogradatjons of the planets, for while the 
planet was describing that portion of the small circle in 
which it revolved, nearest to the eye of the spectator, it 
would seem to move backward in the order of the fixed 
stars. Again, in coming directly toward the eye of the 
spectator, or in moving in the opposite direction along 
two visual raya, drawn tangent to its small circle, the 
planet would appear stationary. Such was the general 
exposition of the Greek astronomer Hipparchus, whose 
theory was enlarged and extended by his successor 
Ptolemy, whose theory of astronomy, based upon the 
central position of the earth, known as the Ptolemaie 
System, endured for more than fifteen hundred years. 
It was only after a long lapse of time, and by the dis- 
covery of a large mmiber of irregulai-itios in tho solar, 
lunar, and planetary motions, making it necessary (to 
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lender a just account of tttcm) to inercaao tlio imuiTier of 
these small cirulos, ivhioh were Ciilicil epici/cles, tliat 
the wliolo acliciiic firsaUy bccnnie bo cumbrous and com- 
plicated tlmt, after long and laborious study, extending 
through more than titirty years of diligent obsovvation, 
tho great Polish nKtrononier, Ooiicrnicus, found himself 
compelled to abandon the old hyjwtbesis of the central 
position of tlie eurtli, and to attempt a new solution of tho 
great problem of the univci-so. 

In giving up tho earth aa (ho centre about which tho 
iTOrlds were revolving, there -Km little difliculty in sc- 
Iccling the object whiohj in greatest pi-obability, occupied 
the true center. All the movements of the sun could, 
without the slightest difliculty, ho transferred to the 
earth, and thus the sun could become central to tho 
earth, i-cvolving as one atnong the phinets. 'i'his hypo- 
thesis did not require any ehango whatovcr in tho com- 
putation of those tables which gave from day to day the 
sun's apparent place among tho fixed stars. Again, m 
Vio have already seen, the })lanet3 Mcroury and Veuua 
were undoubtedly satellites of tlio sun, whether the Bun 
bo at rest or in motion ; and ivitli these suggestions, the 
vigorous mind of Copernicus, transferring himself, in 
imagination, to the sun, and thenco looking out upon tho 
planetary revolutions, found that a large number of those 
complex] ticxS and irregularitiea which had so confounded 
him ivhen viewed from tho earth's surface wore swept 
a!vi!y for ever. When seen fmm the snn, as iho center 
of motion, all the stations and retrogradittions in tho 
planetary revolutions disappeared. The complications in 
tho movements of Meixiury and Venus wore rc<lueeil to 
perfect order and simplicity when scon from tho sun. 
I'ho earth jtaolf assumed its proper rank among tho 
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pkiiofary worldaj dignified by the attondanco of its sutcl- 
lito Uio moon, and beyond the Oiirtli, the planets Mara, 
Jupitor, and Sittuiii, poifonnetl thoir orderly revolution 
in orbits nearly circular. Such is the triio Bclicmo of 
Mature iii its granrl outlines, as given to tltc world by 
Gopci'nicus. It will be seen that one of tlic reiimrkabio 
features of the old system, namoly, llio unilbnn circular 
movement of tbo planets, wfis rotaineil by tlio Polish as- 
tronomer, liy the uso of cceentriea and epicycles, C'o- 
pcrnibUb foinid it possible to icndi,i a satisftctory account 
of ill tlio phenomena of the sjl ii ajitun known during 
\m ago Wo can loadily conipi(,liend that a system in- 
volving the htaitbng doi-timo of fin, smft rotation of tlio 
CTitb upon Its nxis, ami iho lapid flight of its cntiro 
maaq, with ill its contim-nts, tiul occiiis, and inountaina, 
thioU(rli ij) ICC, must ha\o been iceoived by the Iminnn 
Tiuud with the gititcst distiust Jmleul, tlicrc seemed 
to be to the cyo }}03itivo pioof that tins bold theory was 
ihsoluloly talso It was urged by tho anti-Oopernicatis, 
thit m case the eaitli did levolvo about tho sun in an 
orbit of nearly two hundred millions of miles in diame- 
ter, that tho i)oiiit where tho axis of rotation, prolon^d 
to tho sphere of the fixed atara, piercci:! tho heavens, nmst 
by noeoBsity travel around and describe a curve among 
tho Btara identical with that described by tho earth in i-e~ 
volving about tlio sun. Now, ua no such motion of tho 
north polar point was visible to tho oyo, but as the nxia 
of the lieavens remained for over fixed among tho stars, 
it proved beyond dispute tho absolute impossibility of tho 
earth's revolution about tito stin, I'liia train of reason- 
ing w^ undeniably true, and tbo only response whicli 
the Cnpeniicans could make was tbis : " 'I'lic earth does 
i-cvolvG about the sun ; tho earth's axis prolonged doon 
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jjioreo tbo celestial concave in succossivc pointa, Jescrib- 
iiij5 a curve precisely like tiio earth's orbit, and w!i«se diam- 
otor ia indeed nearly 200,000,000 of miles J bat that tlio 
(liataiicc of tite ilxed stars i« so great, that an objeot liav- 
liig this iiuineiise diaiiietcr actually sUrinks into ari in- 
visible point, on account of tlic uiiiiost infinite diataiico to 
whicli it is removed lioni the eye of the beholder;" and 
witJL ttiia an^i^or the world «'a3 compelled U) rest salMcd 
for more than two Imndrcd yeara, 

'I'ho doctrines of Copernicus gained a great accession 
of sti-ength by tlio invention of the telescope. By tho 
use of this extraordinary instrument not only were tho 
phases of SIcrcury and Vcniia detected, but also tho 
grejitcr discovery of the satellites of Jupiter, presenting, 
in (hi,-; ccntial orb, with his four revolving moona, a sort; 
of miniature likeness of llio grander system, liitviiig tho 
buii tor its center. Tiic niniplicity of tho hypothcais pre- 
Bonlcd in the Oopernicnn Hj'steni, tho niinieroua compli- 
cations which it removed from the hcjivena, and the satis- 
factory accoiuit which it yielded of the discovories mado 
by tho telescope, causal it to be adopted and defended 
by ijome of the best minds of the ago innncdiatcly follow- 
ing that of Cojjernicus, among whom none is more dia- 
tinguisheil than tho great Florentine astronomer and 
philosopher Galileo Galiliei. It is hardly ncceaaary to 
mention the historical fact, that tho old system of astron- 
omy, which had held its sway over Uio human mind for 
n)oro than 2,000 years, did not fall without a severe 
struggle, 'jl'he astronomy of Ptolemy, and tho philosophy 
of Aristotle, had taken so deep a hold of mankind, and 
were ao firmly interwoven with all the systems of educa- 
tion and of science, that we must behold with astonish- 
ment the dowufiill of Mystems vencritblo from their an- 
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ti(|iiity, 0iKl whoRC niin could only 1)q acooiii^>li«lieil by 
the desertion of their adkevcnts. 

TllB FiaUllK AND MAONITUDH Oi' a'HK UARTlt.— A 
Itnowledgc of tlio globular figure of tUo earth scorns to 
Itavo been readied at an early period in the history of 
aatronomy. Indeed, the concave heavens, pvcseiiting to 
the cyo a liemisphoro above the horimn, and, undowbtcdly, 
extending beneath tlio cartli, m an to complcto the grand 
hollow sphere, suggested at onee that the ineloscd earth, 
inniuto in ita dinicnsiona ivhen compared with the celes- 
tial giol)c by ivliieh it ivaa encompassctl, might also have 
the globular form. I'lic curvature of the earth's surfaeo 
becomes at onee visible to the eye i» marking tlic gradual 
appi'oaeh of a ship at sea. At first only the top of tho 
mnat eai\ be discovered, even with a glass, all the I'eraain- 
iiig parts of the vessel being hidden by the outline of fho 
the interposed water. As tho distance diminishes, more 
and more of (he ship lifts itself above the horision, until, 
finally, the watcr-Hne conies into sight. 'L'hc same evi- 
dence of the rotundity of tho eiirth is furnishctl by tho 
circular form of the horizon which always sweeps i-ound 
H beiiolder who ascends to the summit of a lofty moun- 
tain. TliHS, wc are dia])03ed to adopt the spherical form 
of the earth in consequence of its simplieity, oven boforo 
we have any conclusive demonstration as to its real form. 
^)he Greek astronomers comprdiended tho simple )n"0- 
cess, wliereby not only tho true figure of tho earth might 
be obtainal, but in case it were spherical, whereby ita 
teal diameter and absolute magnitude might bo deter- 
mined. 

Thk proc^aa is remarkably simple. Buppo'^ an ob- 
BOrver, provided with tho means of directing a telis^cojie 
pi-ecisely to the nenith of any given station, and in the 
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zciiiUi jxiint ho inatks a stor, wlibh from its Jnagnitiido 
ami position lio can scaOtly find «gain. Now, leivviiig 
thia first station, nnd moving duo north, monsurinf; flie 
dBtanea over ivliieli ho ptisses, lie will fiml that, its ho 
progi-e^ea toward tho norlli, tlic star under oxamination 
will leave tlic zenith inui alowly deelino toward the sowtli. 
Supjioao tlic observer to linlt, set up his iiiatriuncnt, aTid 
find that Iiis star lias declined one degree ffoni tlic zenith 
towaixl the-aoutli. 

'I'liis denionslvatea tliat lie lias ti'avcled from the first 
station to (he second, over one degree of a great circle of 
(lie earfli, or one part in 360 of tho entire civcumfcrenco 
of flu; earlli, It follows that, in ciiso the carfh is really 
gloliulnr in form, the distance lictwcen tlio stations, niulti- 
pliwi by SCO, will give tho length of tlio ontire circum- 
ference, and this (juantity, divided hy 3.14159 (the ratio 
between the cireinnfcrenec of a ei)-elo and its diamoter)^ 
will give the value of the earth's diameter. 

It ia by nietliods analogous to tho above that tho truo 
figure and actual magnitude of tho earth have been dc- 
toi'minc<i. Very numerous and delicate measurca, per- 
fbrincd in many jiarts of tho earth's surfaco, huvo revealed 
tho surprising fact that the true figure of tho earth 
is not that of a splicrcj but of a spheroid, heing more 
flattened at the jiolus and nioro pTOluhoraiit at tlic wi««- 
tor thnn a true aphcrc. Wo shall hereafter cxhihit tho 
caui^e of this remarkahlo fuel, and pi-eaent some very 
curious and aurprising ri'sulta and phenoinonu illicit 
flow from it. liy the most reliable measure -we find iiio 
polar diamelci- of tho cartli to be 7,898 mites, while iho 
diameter of tho c<fuator reaches to 7,924, being an cxcesa 
of no less than tttcnty-six miles, which excess would have 
to be trimmed olF to reduce the earth to a globular form, 
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Thk earth's motion-.— ■\\'e luivo already noticeii the 
&ct that the 3un, as -vvcll iis the plimcts thus fur described, 
have a motion of rotutioii about a fisal ftsia, while tiio 
piniictt) have also a motion of rovolation in their ovhits. 
Since wo ui-c coiu|jcllt;d io i-ceognino tlio earth m oiio of 
tlic |»litnct!i, «o Jinturiilly eoiiehulc (hat it will l)c dis- 
tinguishod by the biuiio motions which mark the on- 
goings of the othci' planets, We shall find, indeed, that 
the envth lias three nations : a. motion of rotation about 
ail axis, accomplished in a period of twciUy-foiu- honvR, 
and producing an a])parcnt rcvohitioii of tho sphere of 
the fixed stars in the same period. A motion of reoolu- 
tioii in an orbit ivlicrohy the cartli is carried entirely 
around tlio nun, eftecting all flioso cliongcs wliicli mark 
n()on the earth's surface the seasons of the year, and pro- 
ducing at llio same time an apparetit revolution of tlio 
Bull in a eirculav orbit among tho fixed stars, i'hc earth 
has a third motion, (which we will oxaiuinc more fully 
hci-caftci-,) occasioned Ijy the fact that its uxia of ratation 
doc« not remain constantly parallel to itself. 

Thk kaivch'b motatios. — Let ns i-eturn to tho con- 
sideration of tho diurnal rovotttlhn, to tho inhabitants 
of tho earth, as well as to the student of astmnoiny, 
by far tho most important motion ivliieh has been re- 
vealed by human investigation. It is, perhaps, itn]>03- 
sible for tho mind of man to form any just notion of 
what wo cali time, except ns ita flow ia measured by 
some afeohitcly uniform auecessioii of events. '.I'his per- 
fect mrasnre of time is found in the uniform mlation 
of the earth uptm its axis, whci-oby all the fix»l stars 
ap[>ear to the eye to perform revolutions in eirelea of 
greater or le^ diameter, all in the same identical period, 
and with a motion which, so far as we hnow, is ahso- 
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lulely uniform. 'L'Jnia ttic duration of one rotation of tlio 
canli ujion its axis, wlioroby any given fixed star re- 
volves fmm the meridian of any place entirely round to 
tlio saino meridian again, furnishes to man a null of 
time, whicli, by its atib-divisions and mnltiplications, 
rcndora it iwasihle to take account of liistorio and olhov 
events, and to mark their rohitioiis to each other, not 
only in the order of time, hut also in tlie interval of lime. 
'I'lms, a day ia sub-divided into lioiirrf, minutes and 
Bcconds, ami (ho fi action of a second, and by aueccssivo 
additions gives ua larger jwrtions of time, lis weeks, 
nionlliSj yeara, and centuries. To serve tliis very im- 
jwrtaiit juD'jiose, and to become a true unit of measure of 
time, it IS aliMihitely indisi)ons;d)le tliat the motion of ro- 
iution (jf the earth uiwii its iixis shall he rigorously uni- 
form and in^,lliable. 

Wo have, at ju'e.iunt, in uU tho .lutlvo oh.sevvatorics in 
the ■\>orld, a constantly accunuilating power of ovidonco 
that the earth now i-evoh'cs with uniform velocity. Not 
a Ktar passes the meridian wiro ol" a fixed teloseopo, true 
(0 the predicted moment: of transit, without testifying to 
the absolute unifinmity of tlio earth's mtation. So far, 
then, m it be ]io.s.sible, by human observation and Imtnan 
mean's, to dcturniiiic any frulh Mliatcvei', w<! are able to 
aflirm tlio absolute uniformity of tiic rotation of the 
earth upon its axis. This trutli is nflirmed an of to- 
day i and BO far as we can go Imck in tho history of 
acGumto astronomical observation, the s;inie truth is 
allirinedof the past; and I^a I'laeo informs ns that, fiimi 
a ri<5oron3 investigation of the whole subject, lie dis- 
covers that the period of rotation of the earth upon ifci 
axis has not changed by the hundrciUh prirl nf una 
second of time in a period of more than two tboussmd 
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yimra. Wo will explain hereafter the train of reasoning 
by wliich tins eonchision has been readied. We sliall, 
for the present, accept the statement as a fiict. 

Tills KHVOLUTIOS OF TJIH UAKTII IS 1TB ORBIT.- -Ill 

the oxainiuation already niatlo of tho sun's apparent rev- 
olution among tlic fixed Btars, wo liavo found that tho 
revolution was performed in the sanio plane, cutting out 
of tlio sphere of the fixed stai-a an exact groat circle. 
All ihat was then affirmed, ivith rcfoi-cnco to the sun's 
appiircnl motion, must now bo affirmed as belonging to 
tho cartli's jcal motion. 

The earth, then, revolves around tlio Bun in flie piano 
of the ccliplie, at a mean dishmce of about /iiiirfi/--J!i:e 
mi/lhns of mi/es, and in a period of alwut ihrcr Imndtrd 
and sixty-Jioe days and a i^uartci: It, of course, always 
occupies a jwaition distant from tlio sun's place ono half 
a oii'oumtcrence, or one hundi-cd aiid eighty degi'ees. Tho 
changes of the sun's position at noon in the coiii'so of tho 
year, which ivo have already cxaniineil, are now rea<lily 
accounted for by tlio fact that tho earth's axis of rotation 
neither coincides with tho plane of tho celiptJc nor is 
perpendicular to it, but is inclined inidor an angle, which 
is i-eadily measured, and which is found to undergo a 
very slow change fram century to century. In case tlio 
earth's axis were perpendicular to the piano of tho 
ecliptic, then the ilhiminatcd hemiaphoi-o of the earth 
would always be Ijoundcd by a meridian circle, and every 
inhabitant of tho earth would find Ida days and nighta 
precisely equal, no matter what his location upon the 
earth's surfoce. If, on the contrary, tho axis of tho earth 
laid on the piano of the orbit, and remained ever parallel 
to itiwlf, iheii the illuminatcil hemiaphei'c would be 
bo\indc!i by a great circle, w!i«ie diameter would alvfaya 
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))o poipoiiilicuhi totliu ttiUt'a a\ia and an equality of 
doy anil iiiglit houUI ottlj occui ftltcii tlic cii ih tioid such 
a |)OHiiion that it" axia would be ptjpriifliculiu to Oic lino 
joining th(, eiitlis eentti i\ith the sun Neither of 
thtTO easea CMat-j in mtuu, and, as \vo Juit. Ovcatly 
Been th(, itmtnl swi-op of tlii. buu fioin noith ta south, 
md fioni BOutli to noith, nicasuie^ the <touhIe mchnntion 
ot tho ciilh's c(iUitor to lUo pliino ot thu Lf h])tic, wliilo 
the leiifjth of the day is coinimcd \uth llic in^ht com- 
hiiicd with the inehnition of the Boln bciwib, ]nodH(iC» 
tho iltci nation and clun„c^ of the BCi'-OMd 

'I'o nn inlnbitiiit of the culh'a cquiitoi, the poles of 
tho licaicni i>ill (^(,1 ipijeu to Im m the hoii/on, ami 
uliilc thu -iun Biicrpi, during tho jtii, fioii HOiitli to 
noith, anil lUainq jct tho da>3 and nights nio ever 
ciiuii, nida piipoliul suinmci loigiB aioumt th( e(|Ua- 
toijilK^ion imX I bdt of txtuiouliniiy hi it uicirclea 
tiio carih. Could an observer reaeh cither (lolo of tho 
earth, then the pole of tho heavens would occupy his 
Kcnithj all diurnal circlpB would Ixi jwirallcl to tho horizon, 
wJiicfj ivoiii<l now coincide with tho equator, and so long 
as tlio sun was south of tho equator, (the oi)Ker¥or being 
at tlio iio)-(h polo of ttio Ciirlii), just ao long would llio 
Bun he below the horiKon, and every part of ils diurnal 
eirele would 1)e iiivisil>ie. On tho day of tlio vernal 
cfpiinox the sun would just ivaoh tho ccjuator (now tlie 
horizon), and during the entire revolution ivould ho s*!o« 
Bivcepjng round the horinon, silowly rising above it. Tliis 
increaae of elevation must now progress up to tho Munnner 
Kolatiee, and then decline to llio autumnal cquino,\, 'I'lio 
daylight thua continuing for six enfirii mnntiiM, and tho 
darkness for an equal length of time. 'I'liese theorotio 
Btateinonts aro abundantly verified by the facta, aa re- 



Hn^lcdbyGoOglc 



liortol by those who Imvo visited Jiij'Ji iiottlicrii or south- 
oru latitudes. 

Our climates arc, thoti, uiKlouhtcrlly, (Ictcriiiincd by 
tlio inclination of the csirth's axis to tho ecliptic, or wlwt 
amounts to the saiiio thing, by tlie inclinsitioii of iho 
cai-tli'a equator to tho ccllpticj the one nngle being the 
complement of fho othci", or what it lacks of being ninety 
dcgi'ccs. 

Tlio pi-oceas employed by the aucicnla in niensurin" 
tbe incliiialion of tho cfjuatoi' and ecliptic mo have ex- 
plained (chap. I.), and tbo same, with certain lefine- 
locnts, is still »hc{1 by tho moderns. At tho beginning 
of the present century, this angle, called the oUiquity 
of the ecliptic, amounted to 23° 27' 56." 5. Two Jmn- 
i\roi\ and thirty ycara bcfoio Oliriat, tho same angle, 
measured liy the Greek astronomer, Eratosthenes, was 
2n.%^ '.20." After a lapse of 370 years, I'toleniy found 
tho inclination to bo 23°.48'.45". Jn the year 880 of 
our era, it was 23°.85'.0O". In 10!)0, Flanisteed founil 
the same angle to bo 23°.29'.00", and thus from century 
to century iho change progreiHCS, reaching, lioweyor, a. 
limit beyond which it cannot pass, (as wo sliall presently 
show), when it will commence a reverse motion, and thus 
tho ono piano slowly rocks to and fro upon tho other in a 
calcnlablc, but (so fur as I know), not yet calculated 
jKjriod, 

'Tlie tinio elapsing from the moment the earth is near- 
est tlio sun, until it returns again to the sarao point, m 
called an annomaUstie year. The timo from vernal 
equinox to tbo faanio again, is called r tropical year, 
while the time occupied by the earth in pacing from any 
ono point of its orbit, ro^rded as fixed, to tho same point 
a^in, is called a sidereal year. Tltcso different periods, 
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st Hio eommencciiiciit of llie Oiiivciit conUuy, Iiad tho 

foiio\yiiig v;(hics; — 
Sfean AmioHisliaSie Year, in BoJaf ilaj^i, . . . aG.i.SSllfiJiSl 
" Tropical " " ... Mg.Sla'HU 

" Siiiereal " "... 30li,af.e3Gia 

Tlieso figures being different, demonstrate tho grcnt 
mid important fact that, whatever Im the precise figure 
of ihc curve of tlio eiirth's orbit, tlio [loiiit of nearest ap- 
proiieh to the sun, eallwl tlio perihelion, is itself in mo- 
tion. Tlie Hamo is true of flic venial C(iiiinox, tlio firat 
evidently advancing, the second as evidently retrograding, 
and thus ivliilc tho advance of the perihelion increases Iho 
length of the annomalistic year over the eidercnlj tlio retro- 
gression of the equinox decreases tho length of the tropi- 
cal, as comiiarctl with the sidereal year. 

These figures are pi'cacnled as the result of tlio best 
dote iiiti nations which have been reached in inodorn titncs ; 
hut it must not be understood that tlio existence of tboao 
throe dilTerent kinds of year arc the discovery of our own 
times. 'I'he discovery of tlio motion of tho vernal ei:|uinox, 
as wo have seen, seems to roach back to tlio liiglicst an- 
ticpiity, and was known to all tho ancient nations. Tlio 
I'ate of motion was more exactly dotorinincd by tlic Groek 
astronomers, and heuco tho discovery has been attrihutecl 
to that nation. Modern observations have confii-med this 
ancient discovery, ivliile nioilcrn physical eoieneo has 
rendered a satisfactory aecount of ibis romarkablo pheno- 
menon, and has determined that tbo cqwinoctial [lotnt 
completes tbo entire circuit of tho heavens in ^5,8GH 
years. 

To ascertain tlie condition of tho periholion point as to 
rest or motion, it is only necessary to detcnnino the aiin'a 
place among the fLxeil star.'i at the time of any periholion, 
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and to transmit tho same to postevify. Any cltaitgo of 
the sun's place among tbo stara at jwi-iliolion, ivliteh may 
become known m futuro ages, wi!l demonstrate the fact 
that the iierihelion is uot only In motion, but will fxhihit 
alao the direction of the motion, ami the rate of ailvaticc 
or i-ccesa. By a compai'ison of ancient obsci-vntions with 
modern, the jjctilielion [wiiit of tlio earth's orlnfc in found 
to IjO slowly advancing, whilo, aa wo have atatcd above, 
tho vernal eciuiuox is slowly retrograding, at swoli rates 
that tlieao two ijointa pass each other once in 20,084 
yeaiii. The puriholion coincided with tho vernal e<nunox, 
as wo aro able to compute from their relative moliona, 
4,0H9 yeara before the Christian era, Swooping on«:n-d 
to meet the summer solstico, tho peiiholion pas'icd that 
jioint in tbo yc;ir twelve Initidred and fifty of iiur eia, 
and wiU meet tho autumnal eijuinox about the yi'ar i.i\. 
thousimd four bundled and eighty-three. 

li'rom the uniform rotatioji of tho earth on Ha nnis 
wo obtain, aa already stated, our unit of time. IJut ihii 
rotation is not senaiblo to man except by ita eifcet on tho 
l>mition of objects external to tho earth; and bence no 
determine tho absolute period of rotation from marking, 
llio moment nhen a fixed object, sucb ua a star, (Kissca 
tho meridian of any given place. 'J,'lio time elapsing from 
tliia moment up to tho next passage of tho same object 
Rarom llio meridian, supposing the earth to bo immo\iiblo 
lUJ to its centnil point, would be tlio exact measure of 
tho period of rotation of tho cavth on its axis. Now, tho 
earth's center, in tho space of one day and night, ov dur- 
ing ono rotation, actually passca over nearly 2,000,000 
of milat, and it would eeem as though this change of 
pcmitioii would sensibly aftcct tho return of our star to tbo 
meridian, bat such is tho vast distance of tho fixed stara 
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tliut visual laya Bcnt to tho snmc sEat', from the cxtromi- 
Uea of a I)asc line of 2,000,000 miles in IcnjjUi, uvc ab- 
aolutciy jrarallo! under tlio most seavchiiig iiislrumental 
scrutiny tliat man has bficn able to uiakc. A sidereal 
day — tho time wliich elajjscs between the consecutive re- 
tui-ns of tlio sauio fixed atav to any given meridian — is an 
mvnij i! lo nut of time, and, a-j BuUij is cvtcuBivoly used 
m jmctii.ll aslrionoiny, hut >n tnil life, inasmuoli as 
■\\\ tlio duties of jifo aio loyilitcd by tho return of llio 
sun 1 1 tlu mciidian, solai , and not \uhiL d time, has be- 
come the yiat Htmdaid in tho itcDid of all historic 
and chmnologic o\ent'5 In case tho *,ailU did not re- 
\ohc U[)on its »\is, and hid no motion except [hat of 
ie\olutnn in its oihit aiound tho sun, it is nianitcst that 
in tho coureo of one revolution the earth's axis, remaining 
pnnillei to itself, tho circle dividirtf; tho illuininatcil from 
tho dark hcinisphcve of earth would tako up successively 
every po»>ible position consistent with its always remain- 
ing perpendicular to tho lino joining tho centers of tho 
earth and sun. It is manifest, thcnifore, that by this 
revolution around ttio suit this luminary ivould bo eimscd 
to rise above the horinon of any snd every place upon tho 
earth's surface successively, slowly to sweep ucHm tho 
heavens, and at tho end of six months again lo sink be- 
neath the horizon. If, then, ivo define a solar tlay to bo 
tho tiuio which elapses from tho passage of tho sun's 
ceriter acnas any given meridian until it I'oIumis to tho 
aaino meridian again, one such day would evidently Ik> 
produced by the revolution of tho earth in its orhitj 
hcnco wo find a solar day to bo longer than a siderral 
day, because of the fact that the sun's center is brought 
to tho meridian later, in eonseciucnco of its own ap- 
parent motion. Indeed, when wo como to oxamino care- 
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fully the length of the solar day, we find it to he in a 
state of comparatively rapid change, a fact which we could 
readily have anticipated, as we know the apparent move- 
ment of the sun in its orhit, or rather the real motion 
of the earth, is changing from day to day. When the 
eartii is in perihelion, or nearest the sun, it then travels 
with its greatest velocity, and passes over an arc of 
1° 01' 9".9, in a meaa aolar day, whereas, when the 
earth is in aphelion, or furthest from the sun, it sweeps 
over an arc, in the same tune, of only 57' 11". 5, We 
thns perceive that the length of a true solar day must 
vary througliout the year, and for the purpose of obtain- 
ing a standard of time the world has adopted what is 
called 3. mean solar day, or a day having the average 
length of all the true solar days in the year. All tiie 
time-keepers employed in civil life, such aa clocks atwi 
chronometers, are regulated to keep mean solar iime, 
while, for the purposes of an observatory, sidereal time 
is in general use. This, however, is slightly diffei-cnt 
from the sidereal time already defined. The sidereal 
clock of the observatory, if perfectly true, would mark 
Oh. 00m. 00s, at the moment the vernal equinox is on the 
meridian of the observatory. It would mark the same at 
the next return, and hence this sidereal day is really a 
vernal equinox day. Now, as the sun's center appears 
to sweep round the whole heavens in the space of one 
year, and by virtue of this motion passes across the meri- 
dian of any place and returns to the same again, so, as 
we have seen, the vernal equinox sweeps around the 
heavens in a period of 25,868 years, and thus passes from 
one meridian to the same by virtue of this motion. Thus, 
a vernal equinox day is shorter than a sidereal day 
by an amount equal to one day in 25,868 years, a 
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quantity very luiinito jthIoik], but etill insisted upon, as 
wo desire to impress upon the mind of tJto reader tho dif- 
fcroncea between titcso vsrioim iiicasHrea of time. 

'1'HK moon a SATJ5H,I'fB 01' THG UAltTII.— Ill prOSC- 
cutiiig our plan of investigation wo must uo\¥ give soiiio 
account of llie moon, aa alio foi'ins, astronomically Bpoiik- 
ing, a part of the phiict wliieli wo call tho earth, am\ wo 
Khal! find licrcaffcr that when ivc speak of the oi'bitj in 
wiiicfi tho ejivth revolves about the sun, the real point 
truciny that orbit is not the center of the earth, but a 
point determined by taking into consideration the fact 
that tho earth and moon must he condiincd, aa forniing a 
fiort of compound planet, revolving altout tho aun. Of 
all llio celestial orbs furnishing object--^ for tho investiga- 
tion to limn no one of ihcm Ciin I'ival tho moon in tho 
iintiipiity of its researches or in the importance and com- 
plexity of its revolutions, 

If it were possible to tnicc tlio history of astrouoniicul 
discovery, it would bo found, beyond a doubt, that tho 
firat positive fact ever revealed to the student of tlio aides 
■was ifie molion of tho nsoon among the fixe<l stiH's. This 
fact is so obvious that any ouo who chooHca to niavli: tho 
moon's place by tho stara which surround lier to-night, 
aud compare it with her place on to-morrow night, will 
make for himself tho great discovery that the moon is 
sweeping around the heavens in a direction contrary to 
that of tho diwrnu! i-evohuion of tho celestial sphere. 
Thus, if we mark tho place of tlio now moon, in tho 
evening twilight, when she appears as a silver crescent, 
emevging from the sun's lieams, and just visible aliovc tho 
western horizon, wo shall find that on tho next evening, 
at tho same hour, her distance from tho Jiorizon will havo 
been greatly inoreased, and this inercase of distance pro- 
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gie^C3 from niglit to nigbt, until wo find tito raooit uciu- 
ally risjiig in tho cast at tho lime tlio mm is setting in 
tho vinat. Oil tiio foUoiviiig niglit, at BUHSOt, tho moon 
ivili not imvo liscn, but no mil bo coinpUled to naii 
ncHi-ly an houi aftoi sunset bebie sbo bceonies \istblo 
ubovc the cn-itcin bonbon, and thus alio aJvincca in lici 
ortlcrly imich among tho fi\ul st.iH, nnfil slic cni-lca 
cnlii'dy aioiuid ibo lit ulh'*, pisac-i tlnotigh the soln 
bcnms, and iL.ippciio m tho «(.it abo\G tliehiui, ,ib.i i.kn- 
dor orescent. 

TilK moon's ni;vor:UTio.v ix i[i:n oiimi'. 'Wo luivc 
alrciuly stated that, in caso it wore jMSsiblc for the sun's 
center to trace out in its revolution among tlio fixed stiU'd 
a line of golden ligbt, viaible to tho eye of man, tliis line 
would bo a i-cgular ciiclo, povfccted at the oloso ofono 
ravolution, and over after repeated, along tho sanio 
idonticiil track, Such, however, is not Ibo cnao with 
our aatellilc. Could tho moon's course be traced by 
leaving behind her among the stars a silver tliroad of 
light, at the completion of ono revolution, this thread 
would not join on the point of beginning, but would bo 
more or less I'cmote, and tho track described in tlio 
second and successive revolutions would not coincido 
with tliat first described; and thus we should find a 
multiplicity of silver lines sweeping round tlio circuit of 
tlie heavens, crossing each otber, and interlacing in the 
iHiBt complicated manner, and thus making a girdle, or 
KOno, of definite width, beyond whoso limits the moon 
could never pass. Tho timo occupied in completing ono 
of thcM revolutions fram a given star, until it returns to 
tho great circle of the heavens, passing through tbo axm 
and this star again, is soon found to be variable, ivilbtn 
certain narrow limits. This is called a skleiml rovolu- 
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tioii, and its mean value, at tlic beginning of tlic p 
century, is fixed nt 27d. 1h. 43m. 11.53. This most 
obvious lunar peiiod, however, and that doitbllc«s first 
diseovercfl, is that called a st/iiaiUcal jovotutioii, itnd is 
the jHjriod ehpsing from (he occurrence of full moon to 
full inoon again, or from new nioou to new mooit aj^ain. 
'J'lie average length of thia period, whicli is also called a 
wean fiotalion, amounted, at the ci)ocli above moutioncd, 
to 29d, I2h. 44m. 23. 87. It is ivitliin tlio limits of this 
period that the moon passes through all those apiicarancea 
whioh wo cail 

TiiK moon's PHASG3.— 'Xlicso cxtraoitlmary changes in 
the physical aspect of tho moon must have perplexed iho 
early nstronomcrs. ^Vllilc the snn ever remained round 
ami fulUorhcd in all his positions among the fixed staifi, 
jnid ffhile all the planets and bright stars shone with a 
mai'ly invariable light, the moon pissed from a state of 
aetniil invisibility to a eondilion iu which her diak waa 
us I'onnd as that of tho sun, and thence gradually losing 
)ior light, finally faded from the eye aa she approached 
tho solar orb. It waa eoon discovere<l that these eliangea 
were in Komo v!ay dci>endent strictly upon the aun, and 
not upon the moon's place among tlio fixed stars. Any 
one who chooses may verify this discovery, for by locat- 
ing tho moon's place among the fixed stars at tlic full, 
and waiting 1 e ictui to the same place again, it will 
ho found that si e Ks iot yet reachctl her figure bf a 
complete ei ele I I ed uore than two days ai-e re- 
([uired, afte |ts3 j, flo jiosition occupied when last full, 
before she g s tl o ] o t that shall present us with a 
completely ilhimuied disk. The discovery of this truth 
aided undottbtedly iu solving the mystery of the moon'a 
phases. It was clearly manifest that tho moon was rc- 
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volviiig shout tlie earth in an orbit nearly circular. 
'Bik WHS Kvkhnt from tlio foot that tlio moon's apimrfiiifc 
diameter dirt not elmngo, by any sensible amount, dur- 
ing an cntiro revolution, whicii would have been impos- 
sible in case Jier approach to, or reccas from the eavlli, 
had been very great in any part of her orbit. 

Another plienomcnon of atartling interest aided greatly 
in reaching a truo solution of tho changes of the moon. 
I refer, of course, to solar and lunar eclipses. We havo 
uli-oady rei'erred to solar cclipsea, as being imdoubtedly 
produced by tho interposition of the dark body of tho 
moon between tho eye of the speclalor and tlio sxin's disk, 
'i'bis donwnstratcd the fact that the moon iti her revolu- 
tion round tho earth did sonietiincs cross the line joining 
the earth's centre ^vith the sun, thus producing a central 
aolar eclipse. It was thus manifestly possible for tho 
moon's center to-cross tho same lino at a, point lying he- 
yonil tho earth, witli reference to tlio sun. AVlien in tliia 
]MHilion, a straight line draivn throngli tho center of tho 
Bun, and thi'ough the center of tho earth, and produce)! 
onward, would pass through the moon's center, and to ;» 
person there situated, and looking at the sun, ho would 
find tho iM>lar surface covci-cd by tho round disk of the 
earth, (Iiu3 producing to tho kmarian a Bolar ocli)>.se. 
When llie moon iva,'! thus situated, it was found lo ki 
shorn of a very large proportion of its light, not entirely 
fading from tho eye, as did the sun when in total eclipse, 
but remaining iiidistirtctly visible, with a dull reddish 
color. Now, m connnon ob,>fcrvatiou teaches us that 
every opatjue object casts a shadow Jn a direction oppo- 
site to the source of light, it follows that the earth must 
e^t a shadow in a direction opposite to tho sun ; and in 
case this shadow readied as far as tho moon's orbit, the 
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moon, in taking up Jicr successive positions, would kohiC" 
times iMiss into the earth's shadow. If Bclf-Iuiiiinoiis, the 
passa^ acim? the earth's shadow would occaaion but a 
trifling change in her appearauco. If, l»owcvor, Jjci- 
Jight was oitlicr wholly or in greater part dcriy«l from 
tho sun, then in passing into llio earth's shadow, tlio 
HtRMiii of light from tltc sun boing intorceptcd liy the 
earth, the moon wouUl lose Iier tirillianoy, and could only 
bo vJMiijle with an obscured Instru. All tho phenouioiuv 
presented in a solar as well as a lunar eclipse conibine to 
demonstrate that the light of the niuon is not inhcmitj or 
that this orb is nota aelf-luminoua hmly; and all thesio 
l»hcnomena were perfectly accounted for by admitting 
tho hypothesis that tlio moon s/ciiics by rcJha-Hny the 
hylU of the suit Uiws duung a totxl solni (.clipso, 
ivhui the illuinimtal hcmHflitie of the moon v,it turned 
Jtam thonith her hjthi,! silt apptiicdnlsolufclyA/«(T(!', 
lihile no lunn edqwe e\ci occiiued, oxtcpt at a tiino 
lilun the moons illuuuntal kmiiplicic ivas wholly vis- 
iblt 01 ittiiofuJl moon In pi^ nig liom new moon to 
full It !s cMdent fion tho sli^lict lefhution Ihit as 
the moon slowly iccedes fiom tho sun jn hoi movniient 
' 1 1 Ho eiifh she -nill tuinmoro and mou of her 
13 1 t Ihcjnisphcio town h tho caith tho whole of 
1 ! li 1 ill 1 tune -visible i hen sho is piotisdy opposite 
th sun while the light must deeiLiso in a loerso 
oiiki m pis,jng fiom the full moon to tho new 'J lius, 
ill tho facts ml phenouMm of mutnt as will is of 
modem disco^eiy combine to deiiionsti ito tli* iuith that 
tho ciiths^iollite, like the plantts ihcady tuttilof, 
]» onlj \i8ibl*, by lelieetnig the li„ht ol thi sun 

Wi- ftio i-eidy hy tniloj-y toe\(uil this u t ningto 
cmbiMO theciwth, and to btheve that oui own urth 
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shiiios to llio inluibitaiite of otlior planota (if sucli ttwro 
be), by reUccting the ligbt of tlie sun. Wc arc not left, 
]iow(i¥cr, (0 mere analogy to demonstrato this truth, as 
we have the most positive evidciico in tlio pitasos of tbo 
moon tlint the earth docs reflect tho solar light No 
one eaii iiave failed to notice tho fact that when the moon 
appears as a sionder crescent, her e7ttire disk may bo 
traced, faintly visible even to tho naked oyo ; but when 
the tolescope is applied, wo readily distinguish in tins 
darkeucd pint all tho outlines and pTOUiincnt foatui-cs 
wliicli hccomo visible to the unaided eye when tho 
moon is entirely full. This faint luininmity is Icyond all 
doubt occasioned by the reflection back again to the oarlli 
of lliat light wbicli the earth reflects upon the moon; for 
if wo consider tho relative positions of the sun, moon, and 
ejirth, wo shall sec that at the new moon tlic ivholo 
illuminated liemisplicro of the eiirth is turned full upon 
hci" satellite, and at that time tho largest amount of light 
fixMi tho oartli falls ujwn tho suriaco of tho moon. , 'I'lio 
rclativo positions of tho bodies now slowly change, and aa 
tho moon increases in ligjit by like degrees, tho earth 
tees in light; and uhen the moonhocomca entii-e!y full, 
the earth will be to tho Uuiariitn entirely ditrk, as lier 
non-luininons heToispJiero is then lurned directly to tho 
moon. 

Wo have already stated that, during a lunar oclii)RC, 
tho moon remains dimly visible. !l'his is not duo to tho 
I'ettectixl light of tho sun, thi-own upon the moon hy llio 
earth, hut arises froju the fact tliat the solar rays are so 
much bent out of their course in passing through tbo 
earth's atmc^phere, that many of thcra are still able to 
j-eacU the moon's surface, and thus in some degree to light 
up her disk, oven during a central oelipse. 
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Amid all tlio variations nnil cltmiges which mark llio 
liiiiiiiiosity of the moon oiio thing i-craains almmt abso- 
lutely i»variablc. No oyc on pnrih hns yet seen more 
than one half of the liuiar sphoic. The liciniaiihoi'C 
iiow visible to man, has (so far as ^¥e know,) ever beeu 
visible, ami, except by tlic intrusion of fiomo foreign 
body, will ever remain turned toward the eavlh. 1'hcro 
ai-e slight deviations from tl»e positivcncsH of tins HtJitc- 
iiieiit to ivhich wa shall have oeeasion to allude hereafter, 
but Ibc grand truth remains, that the same hcmisphcro 
of the moon is ever turned townnl tho earth. 

'I'o account for this rcmavkahlo fact wc nm compelled 
to acknowledge n, rotation of tho moon on licr axis, in 
(lio cxaot period employed by her in her revolution in 
her orbit. If the moon had no motion of rotation about 
an axis, then in tho eourso of her orbital revolution 
every jiortion of her surface wouhl come into view suc- 
cessively. 

Tins explanation, which it would seem ought to be per- 
fectly satisfactory, lias, in some strange way, been not 
only niisuiMlci-stood, but denied ; and yet should tho per- 
son ma^t skeptical undertake to walk i-ound a ecntrul ob- 
ject, always turning his face to tho center, without as 
well tnrning hk sliouklers and person, he would rceoivo 
u ])osifivc conviction of the truth of our exp!anatio!» of 
ii must practical character. 

'I'hii pbysiciti cause of this romarkablo fiict in tlio 
moon's history will bo duly considered hereafter. 

'I'he same kind of obserTOtion and reasoning wliioU en- 
abled Ilipparehua to determino tlie eccentiicity of tho 
sun's apijarcnt orbit (tho esirth's i-eal orbit) sufficed to 
enable ibis philosopher to determine the eccentricity of 
tho moon's orbit, and the e))icyclical theory gave n 
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tolerablj fair account of the most striking irregularities 
in the moon's motion. In one respect, however, wo find 
a remarkable difference between the lunar and eolar mo- 
tiona. The position of the perihelion of the earth's orbit 
moves so slowly that for a period of even a hundred years 
this motion may be neglected without any great error. 
While the moon's apogee, or least distance from the earth, 
waa found to be sweeping round the heavens with a com- 
paratively rapid motion, following the moon in her course 
among the stars, so that while in a period of 6,585i days 
the moon performed 241 complete revolutions with refer- 
ence to the stars, she made but 239 revolutions with 
regard to her perigee. Hipparchus succeeded in repre- 
senting this motion by means of eccentrics and epicycles, 
and finally was able to tabulate the moon's places with 
such accuracy as to represent her positions, especially at 
the new and the full, so as to predict roughly solar and 
lunar eclipses. 

Ptolemy discovered, 500 years later, a new irregularity 
in the moon's motion, which reached its maximum value 
in what are called the octants, that is, the points half- 
way between the new moon and her first quarter, and 
so on a quarter of a circumference in advance round 
the orbit New attempts were made to explain these 
irregularities by a combination of circles and eccentrics. 
It was, finally, approximately accomplished, but all these 
facts thus accumulating were preparing the way for 
the abandonment of an hypothesis which could only be 
maintained by the imperfection of astronomical observa- 
tion. 

The excursions made by the moon, north and south of 
the ecliptic, or plane of the earth's orbit, were obviously 
to be accounted for by the fact that this satellite revolved 
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ill a plane, inolinc(i under a certain «iiglo, to Uie culiplio. 
'Vim iiiigle was readily iDcasiirixl hy tho uncionta, and, 
tlioiigJi slightly vnriablo, was fixed at the licginitiug of 
ouv century at 5° 8' iT'.Q. 

TjtG LUSAR PAKALLAX AX0 DISTASCK.— -TUo rudc iu- 

Bh'iinicntii employed by llio early obHorvcra in their a*- 
ti'onoiuical observations ivcro insuflicicMt for any delicate 
work, and lienco wo find tlicm tpulo ignorant of tlio 
absolute vnluo of even tlio moon's parallax, a quaiitity 
which far exceeds any oilier piivallactie angle of iho 
solar system. Wo Imvo already shown (Chap. 1.) how 
tlio diKtanco of an inaccessible object may bo obtained by 
measuring the angles formed at tlio extremities of a givoii 
base lino, by visual rays drawn to the object. In caao 
tho base lino bo very short in proportion to the dtetaneo 
to bo uicasiircd, (ho sum of tho two angles thus mcnsHi-ed 
willapproaeii in value 180", and the anglo at Hie distant 
object foraicd by tho visual raya becomes smaller in pro- 
portion to its distaneo. In our attempts to measure tlio 
solar parallax, using tho earth's diameter as a Kiso, it 
was h\m<\ that tho delicacy of modern instruments was 
not ade([Uatc to bo diflicuU a task. This, however, m not 
tho case wiicn we como to ap|)ly them in tlio determina- 
tion of the lunar parallax. Indeed, the moon is found to 
bo BO near the earth that ■\'ianal raya, drawn from specta- 
tors at different parts of tho earth, not very rcmolc fmm 
Ciicli other, to tho moon's center, form with oaoli other 
sensiblo angles ; and thus tho moon, viewed from differ- 
ent stations, is pi-ojcetal among diffoj-ent atai«. When 
tho moon's center is in tlio absolute horiKon, (tliiit is, in 
a piano passing through tho center of the rarth and 
perpendicular to the earth's radius drawn to tho placo 
of tlio spectator), linta drawn (mm the center of tho 
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earth and from tho oje of tlie observer nnite at the 
moon's center, under an angle called the moon.' r horizon' 
tal parallax. In case the moon's distance from the 
earth were constant, this angle ■would also be invariable. 
Tbis, however, is not the case, and we find the horizon- 
tal parallax reaches a maximum value equal to 1" V 24", 
■when the moon is nearest tho earth, and a minimum 
value of 0°53'48," when moat remote— the average 
value being 0° 57' 00".9. These angles give for the 
moon's mean distance from the earth 237,000 miles. 

As all the computed places of the phinetary orbs as- 
sume the spectator to occupy the earth's center, we read- 
ily perceive that, in the case of the moon, the c 
and observed places -would never agree, except ii 
stance, namely, that in which a line joining the center of 
the earth with the moon's center passes through the place 
of the observer, or when the moon's center is exactly in 
the aenitb. The effect of parallax on the apparent plaoe 
of the moon is to sink it below the position it would have 
held in case it were seen from the earth's center. 

Knowing the actual distance of the moon, her real 
diameter is readily determined, and is found to be 
about 2,160 miles ; hence her volume is about one- 
forty-ninth part of that of the earth. We shall have 
occasion hereafter to resume our examination of the 
moon's motions when we come to discuss the physical 
causes by whose power the planetary orbs are held in 
dynamical ec^uilibrium, and are retained in their orbits. 
We now proceed to examine the physical constitution of 

The moon, as revealed by the tblescops. — 
The splendid instruments which modern skill and science 
have furnished for the examination of the distant worlds 
so fiir increase the power and reach of human vision, 
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in the case of the moon, as to bring this satellite of the 
earth compa,rative!y withio our reach. A telescope 
which bears a magnifjing power of one thousand times, 
applied to the examination of the moon's surfece, ena- 
bles the observer to' approach to within 237 miles of 
this extraordinary world, and even this distance, under 
the most favorable circumstances, may be reduced by 
one-half This, perhaps, is the nearest approach ever 
made to the moon, and it is at a distance of say 150 
miles that we are permitted to stand and examine at 
our leisure the features which diversify the surfeee of 
our satellite. No subject has excited so deep an in- 
terest from mere curiosity, as that involved in the actual 
condition of the moon's surSice. Every one desires to 
know if the other worlds are Ik n H h y 

oceans and seas, lakes, river 
Does their soil resemble our wn 
thero manifest itself in every v 
and shrub and tree? Are th 
spicy groves, filled with mult u 1 n v 
for off worlds ? And, above U ; 
inhabited by rational intelligen 
earnest desire to obtain responses to these and Idte ques- 
tions, caused to be received, many years since, with the 
most wonderful dehght and credulity, a statement put 
forth in America, giving professedly the details of lunar 
discoveries, said to have been made by Sir John Herschel 
at the Cape of Good Hope, in which all these questions 
were most satisfactorily answered. We need hardly say 
how great was the disappointment when these pretended 
dbcoveries proved to be but fanciful inventions. When 
we call to mind that with a telescope magnifying 2,000 
times we are still separated from the moon 120 miles, we 
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readily perceive the utter impossibility of solving at pres- 
ent, directly by vision, the problem of the moon's luibita- 
bility. We know not ivliatmay bcacconiplialicd by human 
genius and human invention, and after tho production of 
so niarrelloua an instrument m a tolcscopo enpahlo of 
transporting tlio beholder to witliin 120 milca of the sur- 
faco of a body actually removed 287,000 niiios, wc will 
not presume to set any apcciiio limita to future effort. 
Wo can only nay fluit tlio telescope must become vastly 
impiovcd in it.i jio«o\« of definition and development be- 
fore WO ean hope to Bulisfy ourselvt"*, from actual inspec- 
tion, that our hatuilito is or is not inhabited by a race 
with any of Ibc faculties whieU distinguisb man. 

Let us Bco ivhat has actually been accomplished by 
telescopic investigation, and although it falls far short 
of satisfying the curiosity of our nature we shall find 
much to interest and astonish. Wc can aflii-m, then, 
that tho surface of our satellite is diversified with hill 
and dale, with loffy mountains and mighty cavities, with 
cxtciHivo plains and isolated inountain peaks, not very 
unlike tho same features presented by our earth, Tho 
hemisplioro of tlio moon, visible to man, has been studied 
and mapped with tho greatest cure. Indeed, its eleva- 
tions and depressions have been accurately modeled, Iho 
mountain elevations have been measured, and tlie dcpflis 
of tho mighty cavities which distinguisli her surliico iiavo 
all been carefully determined. 'J'lieao ineasHres ail di;- 
pend Oil the fact that the moon recoive-s its light iVnm 
tlio sun, and presents its suvfaco to iliat orb uniler every 
angle in tho eoui-ao of Its revolution. Tito mountains of 
the moon, like th<«e of tho earth, have their snminiu 
first lighted hy tlio rays of the rising sun, while all tho 
plain beneath, and their rough and rugj;ed sides, are in 
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tlie dcopeat darkness. 'I'lioso summits, wlicn so illumhi- 
atu<l, glow and sparklo lutli a dasiKling bcuuty luisuv- 
jMiHScd, Aa tho aun rises, wo peicoivo diHtinclIy tlio 
iilack shadow of the mountam falling to a great distance 
on tho plain below. Theso sliadowa slowly deereaso 
in Icnj^th, and thoir outlined j^iaduidly creep lip tho 
mountain side aa tlic sun vcaeiics tho moon'a meridian. 
■Wlien tlic sun hegins to decline tlio sliadowa full in tho 
oppusitc diveetion, slowly extend their bkek masses over 
the (lisUiiit plains, and darkness finally gatliovs round tho 
mountain sides, fill agoiii the suniniit is alono illumined 
by tho rays of a setting eun. ft ia hy means of thoso 
filiadows, wli(«o lengths arc readily delerniiucd by niicro- 
motrical measures, that ivo arc enabled lo dctecmine tho 
heights of tho lunar mountains and tlic dejiths of tho 
lunar cavities. 'I'iiis pix)ccs8 is not; more difTicuU than to 
determine the elevation of a church steeple or other lofly 
object by the length of its shadow cast upon a horiaontal 
piano below, Tlio altitude of tho sun above tlio horiiton 
at noon will give the direction of the visual ray passing 
from the summit of tho object to tho extremity of its 
shadow. Knowing the value of this angle, and tho meas- 
ured length of tlio shadow cast, wo havo at oneo tho 
means of dcternnning tlio elevation of the object under 
examination. These simple principles ai-o readily trans- 
fon-cd to tho determination of tJio heights and doptlw of 
tho lunar surfoco, wbilo tho figure of tho shadow east by 
the summits of a mountain range on an oxtciidetl plain 
below, gives to us almost as perfect a knowlcilgo of tho 
actual forms of tho lunar mountains aa though it were 
jKMwihIo actually to tread their lofty summits. 

Wo find «i>oii the moon's surfaeo a rungo of mountains 
lifting themselves ubovo a level countiy and extending 



Hn^lcdbyGoOglc 



Hn^lcdbyGoOglc 



,( ' 



.H 




(JASSKNI»ltl.S.I»lJI)l,J V OHSf:HVA*IOHY 

JAN. I860, 



,,i,.-iM,Googlc 



nearlj two hundred milea, which hare receirecl the namo 
of the Appenines. This mountaia range cornea into the 
sunlight just after the moon has passed its first quarter, 
and is then one of the finest objects that the telescope re- 
veals to the eye of man. The brilliancy of the illumin- 
ated heights and ridgea, the absolute blackness of the deep, 
rocky chasms, the lofty peaks, the rugged precipices, and 
the deep shadows, all combine to increase the natural 
grandeur of this extensiTe mountain range. Let it not 
be imagined that details in such a scene, such as actual 
individual rocks, of definite form and outline, are to be 
seen; but as lights and shades produce the forms of 
every surfece, so these lights and shadows on the moon 
bring out the absolute forms in the most distinct and per- 
fect manner. The contrasts between the dark and illum- 
inated parts of the moon are far deeper and stronger than 
on the earth. This arises from the fact that the sunlight 
on the moon is not reflected or refracted by an atmraphere 
such as eurrounds the earth. The twilight which attends 
the setting sun and the dawn, which so beautifully an- 
nounces the coming of day, does not exist for the lunari- 
ans. If any eye beholds the rising of the mighty orb of 
day from those lofty lunar summits which are first illu- 
mined by his horizontal beams, no gentle flashings, or 
rosy tints, or purple hues, but from intense darkness 
there is an instantaneous burst of brilliant sunlight. The 
beauty of our dawns and twilights is duo to the atmos- 
phere which surrounds the earth, and while we cannot 
affirm that no such atmosphere surrounds our satellite, 
■we are certain that whatever gaseous envelope may sur- 
round the moon on its hither side, its density cannot com- 
pare with that of the terrestrial atmosphere. Under very 
&vorable circumstances, with the great refi-actor of the 
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Cincinnati Observatoryj the author haa either seen, or 
fancied he saw, a faint penumbra edging the dark moun- 
tain shadows, and clinging to the black outline, as it 
ebwly crept up the mountain side, as the sun rose higher 
and higher. We shall return to this subject when ne 
come to treat of certain peculiarities attending the eclipse 
of the sun, and the occulfeition of atars by the moon. 

Some of the mountains of the moon reach an elevation 
of 8 to 10,000 feet above the general level. Here and 
there we find insalated peaks rising abruptly from ex- 
tended plains to a height of 6 or 7,000 feet, and in the 
early lunar morning flinging their long, sharp, black 
shadows to a vast distance. 

But the most remarkable feature pr^ented in the lu- 
nar aurfaee ia the tremendous depths of some of the cavi- 
ties, and their immense magnitude. Some of them ex- 
tend beneath the general level of the country to a depth 
of 10 to 17,000 feet, and their rough, misshapen, precipi- 
tous sides, exhibit scenes of rugged sublimity to which 
earth presents no parallel. Of these cup-shaped eavities, 
especiallyin the southern portion of tholunar hemisphere, 
the number is beyond eredibililj; and, in case we ad- 
mit them to be the extinct craters of once active volcar- 
noes, we are forced to the conclusion that convulsions, 
such aa the earth is a stranger to, have shaken the outer 
crust of our satellite into a hideousness of form tmknown 
in any region of oar planet. Some of these deep cavities 
are nearly circular in figure, and with diameters of all 
magnitudes up to twenty miles. Very often the in- 
terior will exhibit a uniformly shaded surface, and in 
the center a conical mountain will lift itself far above this 
level plain. That these convulsions are of different ages 
is clearly manifest from the feet that their outlines very 
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often ovovlap one anotlier, and tho oldest and the newest 
foriimtions avo tlnis distinctly traecd hy tlio cyo of man. 
Bo sliiirpand positive is the outline of these cxtraortlinBry 
objecla that one cannot but feol that some suddon hurat- 
iiig forth might even occur while under telescopic exam- 
ination. Onco indeed, wliilo closely inspecting thoso 
seemingly volcanic monnlains and cratovB of tho moon, I 
waa alarf led by a spectacle which, for a inomont, produced ■ 
upon ihe inind a moat strange sensation. A mighty 
bird, huge in outline and v.iat in it3 proportions, suddenly 
lifted itself above tho moon's hori/.on and slowly ascended 
in 1(8 (light towards the moon's center. It was no lunar 
bird, however, but one of earth, Iiigh up in the heavena, 
winging its solitary flight in tho dead of night, and hy 
chance crossing tho field of vision and the lunar disk. 

Before tlio power of the telescope had reached its pres- 
ent coiidition of jierfcetion the darker spots of the moon 
wore assumed to he seas and oceans ; but the power now 
applied to the moon dt-Dionstratoa that ihero cannot exist 
at this lime any considerable liody of water on tho hemi- 
sphere visihlo from tlio earth. And yet we find objects 
Euch, that in case wo were ganiug upon tho earth from 
tho moon, pcBSCssing otir actual knowledge of the earth's 
lakes and rivers, wo should pronounce tliem, without 
hesitation, lakes ami rivers. There ia ono Kuch object 
which 1 will describe as often seen through the Cineiimati 
Hcfractor. Tho outlino is nearly circular, with a lo% 
range of liills ou the western and south-western sides. 
5'hJs range gradually sinks in tlio east, and a beauiiful 
sloping beach ^cuis to exiend down to the level snrfaeo 
of the inclosed lake (as we shall call it, for want of other 
language). With the highest telescopic power, under 
the most favoi-ablo circumstances, T never could detect 
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the slightest irregularity in the shading of the surface of 
the lake. Had the cavity been filled with quick-silvep 
and suddenly congealed or covered with solid ice, with a. 
covering of pure enow, the shading could not be more 
regularthan it is. To add, however, to the terrene like- 
ness, into this seeming lake there Sows what looks exactly 
as a river should at such a distance. That there is an 
indentation in the surface, exactly like the bed of a river, 
extending into the country, (with numerous islands,) for 
more than a hundred miles, and then forking and sepa- 
rating into two distinct branches, each of which pursues 
a serpentine course for from thirty to fifty miles beyond 
the fi)rk, all this is distinctly visible. I may say, indeed, 
that just before entering the lunar lake this lunar river 
is found to disappear from sight, and seems to pass be- 
neath the range of hills which border the lake. The re- 
gion of country which lies between the forks or branches 
of this seeming river, is evidently higher, and to the eye 
appears just as it should do, so as to shed its water into 
the stream which appears to flow in the valley below. 
The question may be asked, why is this not a lake and a 
river ? There is no lunar atmosphere on the visible 
hemisphere of the moon, such as surrounds t}ie earth, and 
if there were water like ours on the moon, it would be 
soon evaporated, and would produce a kind of vaporous 
atmosphere, which ought to be shown in some of the 
many phenomena involving the moon, but has not yet 
been detected. What, then, shall we call the ohjecta de- 
scribed? I can only answer that this phenomenon, with 
many other, presented by the lunar surface, has thus far 
bafBod the most diligent and persevering efforts to ex- 
plain. In some of these cavities, where the tinting of 
the level sur&ce ia so perfect with an ordinary telescope. 
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irlien examined with instruments of the highest power, 
we detect small depressions in this very surlacCj cup- 
shaped, and in all respects resemhling the form and fea- 
tures of the principal cavity. These hollow places are 
clearly marked hy the shadows cast on the interior of the 
edgea, which change as the sun changes, and seem to 
demonstrate that these level surfaces do not belong to a 
fluid but to a solid substance. 

Among what are called the volcanic moxmtains of the 
moon are found objects of special interest. One of them, 
named Copernicus, and situated not far from the moon's 
ei^uator, is so distinctly shown by the telescope, that the 
external surface of the surrounding mountains presents the 
very appearance we would expect to find, in mountains 
formed by the ejecting from the crater, of immense quan- 
tities of lava and melted matter, solidifying as it poured 
down the mountain side, and marking the entire external 
surface with short ridges and deep gullies, all radiating 
from a common center. Can these be, indeed, the over- 
flowing of once active volcanoes? Sir William Her- 
schel once entertained the opinion that they were, and, 
with his great reflecting telescope, at one time discovered 
what he believed to be the flames of an active volcano 
on the dark part of the new moon. More powerful in- 
struments have not confirmed this discovery, and although 
a like appearance of a sort of luminous or brilHant spot, 
has been seen by more, than one person, it is almost im- 
possible to assert the luminosity to be due to a volcano in 
a state of irruption, but is more cotnmonly supposed to he 
some highly reflective surface of short extent, and for a 
time favorably situated to throw back to as the earth- 
shine of our own planet. 

From some of these seeming volcanoes there are streaky 
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rudiiitioiiis or bright lines, nintiing from a conmion center, 
and extcTtding sometimes to great distances. 'I'licso hivvo 
by Bome been eonsiticrcd to bo liai'deucd lava sti-Citms of 
groat reflective powor, but, imfortiimitely for tltis bypo- 
tlieaia, they hold tlteir way imbroken across deep valbys 
and abrupt depveasions, wliich no molten matter llowliig 
as lava docs, could iws.sibly do. To mc ihcy inoro rc- 
semble iinmcnae upheavals, Ibrniiiig ctowited i-idgos of a 
reflecting poiver greater tlum tliat of the aHrrounding 
country. 

\Vc find on the level Hurfaccs a fe^v very direct ails, aa 
tlicy may bo called, not unlike fhoso made on our planet 
for railway tracks, only on a gigantic scale, being inoro 
than a thousand yards in width, and extending in Bomo 
instancca over a hundred inilea in Icnglli. AVhat tlieso 
may bo it is useless to conjecture. A\'o ciiimot regard 
them as the ivork of flcntient beings, and nnist rather 
consider tliem as abrupt depressions or fauHa in tho luiiav 
geography. 

'i)nB moon'h okstbh Of FIGUR15.- ~'l'!ic wondorful 
piicuoniona presented to the oyo on tlio visible hemisphcro 
of the moon have been rendered in somo dcgreo expli- 
cable by a rcmarkal)!o discovery recently made, that the 
cew/er of ^/Y(i>t7i/ of tho moon docs not coiiioidc willi tho 
center of figure. This is not tho placo io explain Iuau 
this fact has been asecrlaincd. It is now introduced to 
present its effect, on tho hither porf ion of tho luaiv orb. 

If the material composing tlio moon was lighter in ono 
hemisphere than the other, it is manifest that the ccntoi: 
of gmvity would fall in the heavier half of the globo, 
li'or inatancD, a globo eom[>oaed partly of lead and partly 
of wood couki not have the center of gravity coincident 
with tho center of tho globo; but it would lie somuwhero 
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in tlio icadcii hemisphere. So it now appears tliat tlio 
center of gravity of tho moon k moro tliari S3 miles from 
the cenlov of figuro, and that this center of gravity fulia 
in the remote liemisphere, which can never bo seen by 
moviitl eye. 

Now, the center of gravity, is the center to which all 
heavy bodies gravitate. About it as a center the lunar 
ocean and tlio lunnr atmosphere, m case such ex'isl, 
would arrange themselves, and tlic lighter homisphero 
would rise above tlio general level, as referred to the 
center of gravity, to an oxtrcino height of 33 miles. 
Admitting thia to be true, and as we shall Beo hereafter 
tho fact apiKiai-3 to be well establwhed, wc can readily 
perceive that no water, river, lake or sea, sLonld exist 
on the hither side of the moon, and no perceptible atmos- 
phere can exist at so great an elevation. I'lvcn vegctahlo 
life itself could not ho mnintaiucd on a mountain lower- 
ing up to the enormous height of 83 miles ; and henco 
wo ought to expect tho hither side of our satullito to pres- 
ent exactly aueh an appearance as is revealed by tela- 
scopic inspection. 

If tlie ccntei-H of gravity and figure over coincided in 
tho moon, and the change of form has been produced by 
Eomo great convulsion, which has principally oxi>ended 
its force in an upheaval of the hlthor side of iho globo, 
then wo can account for the rough, bTOken, and shat- 
tered condition of tho vJBible suvfaeo. T^ukes and rivei-s 
may onco have existed, active volcanoes might once have 
pom-ed forth their lava streams, while now the dry and 
(Icsolato heds and tho extinct craters ai-c only to bo 

I'ho consequences lyhieh floiv from this singular dis- 
covery as to the figure of ouv satoilito arc certainly very 
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TOmiirkalilo, ani\ will doubtlessi be iraceil with dccii iiilercst 
in fiitui'o cxymiiiiitioim, 

OccuLTA'fioss, — A3 the moon ia very near tlio cartli, 
and her disk eoveca avery considerable surface in Uio licav- 
cns in licr Bwecp among the fixed stai-s, she must of course 
cross over a niiiltitucio of stars in lier rcvolutiona. A star 
thus hidden by the moon is aaiil to bo oceuUcd, and these 
occiiUalhits are phcnoincna of special interest on rnany 
uccuunts. As a general thing, a star even of tlic first 
magnitude, iu pii.isint; under iho dark liinh of the ninnn, 
vnnisiies fi'oui the sight instant a neoiisly, ns tliuugh it 
wcro suddenly stricken from existence, and at iH re- 
apjjearance its full brilliancy bui-sta at ouco on the oyo. 
This demons! ratcj t)ic fact that the stars can lie nothing 
more than hnninoua points to our Bcnscs, even when 
grasped hy t!io greatest telescopic poncr. 

A strange appearance sometimes attends the oceulla- 
tion of stars by the moon. Tho star comes up to the 
moon's limb, entirely vanishes for a moment, then ro- 
nppoars, glides on the bright limb of tho moon for a 
second or more, and then suddenly fades from the sight. 

This pJienomenoH, as also another of most startling 
character attending sometimes tho kifal eelipac of tho sun, 
when blood-red streaks in radiations are found to sJioot 
suddenly from heliind the moon's limb, arc supposed hy 
some to demonstrate tho existence of a hniar alnMSphoi^e. 
Sluch attention has Ireen bestowed on tho total ccliiraes 
of tho sun during tho past twenty year.s, for tho express 
purpttse of Bolving, if possible, these mystcrioim radia- 
tions of red liglrt. Some eniorlain the opinion that tlicy 
ai'c due to the colored glasses used to eoficn the intense 
aolav light, as seen through the teicscopo, Wc can only 
Bay tliat these phenomena remain without Hatisfacltiry 
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explanation, ami that tho physical condition of tlio moon 
k yet a pi-oblem of tlio dcopest iittercst. Wo can assort 
the irrogulai-itics of her surface, Uor deep caviti(» and 
lofty elevations, Iter extended jjluins and abrupt moun- 
tain irealts, but beyond tbia our positive knowledge docs 
not extend. 

AVe Bhall resume tho consideration of our satollitc 
when wo conio to diacuss tho gi'cat theory of univevaal 
[rnivitaiiori, 
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'ihuH planet is (liatiiiguislicd to llio nakeil oyo by ifs 
brilliant red ligbt, and is one of tlio planets Jiseovereil 
by llic iiiieicnts. To the old aslroiiomora Mara presented 
ai\ object of special difficulty. Kovolving as it doca in 
an orl)it of great eccentricity, soraetiiues receding from 
the earth to a vast distance, then approaching ao near m 
to rival iu brilliancy the lurgo pianola, Jupiter and Venus, 
on the old hyiwthcsis of tho central position of the earth, 
and tho uniibrni circular motion of tho plancta, Mara 
prisicntcd anomalies in his revolution most diiKciilt of 
explanation. 

These complications were meaauvably removed by tlio 
grra.t discovery of Copernicus, which released the eartli 
from its false position, and gave to Mars ita truo center, 
tho sun; but even lyith this oxti-aordinary advance in tlio 
dircctioii toward:! a full tsohition of the niyslorioua niovc- 

Hn^lcdbyGoOglc 



108 



ments of this planet, there remained many attomalira of 
motion of a most curious and incomprehensible character. 
It will be remembered that Copernicus, in adopting the 
sun as the center of the planetary orbits, was compelled 
to retaia the epicycle of the old Grreek theorista, to ac- 
count for the fefits which still distinguished the planetary 
revolutions. As in the revolution of the earth about the 




snn there was an approach to and recess from this central 
orb, so in the revolution of Mars it was manifest that 
there was a vast difference between the aphelion and peri- 
helion distances of the planet. The epicycle was then 
retained to account for this anomaly in the motion of 
Mars ; and it will be readily seen from the figure above 
how this hypoth^ia rendered a general explanation of the 
fects presented for examination. 
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'Jlic largo circle, having the sun for its center, rcprc- 
Bcnti the orbit of Mara, that is, a cii'olo whose rudius ia 
equal to tho average or mean distoneo of the plauot. 
'J'he small circles rcpraaetit tho epicycle, in the circum- 
ference of which the planet i-evolves with an ctiunhlo mo- 
tion, while iis center movca uniformly round on the cir- 
camfcrenco of the large civclo. When the pkiict n at A, 
it is in perihelion, or nearest the Bun. While the center 
of the epicycle performs a ({uartor I'cvolution, tho planet 
also performs in its epicycle a <[uartor of a revolution, 
and reaches the position !U. A half i-ovolnlion hring;* i); 
to aphelion in C, and three quarters of a revolution in 
tho epicycle locates the planet at U, and an entire revo- 
lution brings it again to A, the point of departure. 'J'liua 
it will be seen that the planet inust describe an oval curve, 
traced in tho figure AUG I), and for genenil pur- 
\maA this cxj)osition of tho phenomena seemed entirely 
BatisExctory. It is true that it only accounted for tho 
movement from cast to west, or in longitude, i\hilo tho 
motion north and south of the earth's orbit, or in lati- 
tude, was accounted for by supposin}^ the plane of tho 
epicycle to vibrato or rock up and down, or right imd loft 
of tho piano of tlio eclipSic, while its center moved tini- 
fonnly i-ound in tlie great circle constituting tho orbit of 
the planet. 

So long as obsei-vation was so defcolivo as to yield hut 
rough places of tlio lieavenly bodies, the dcviutiiNiM from 
tho path marked out by tho theory of opieycles esi'jipi*d 
dctcclion. I'hc erection of the great observatory of 
Umniberg, by the celebrated aatroncaner Tycho Brahe, 
and tho furnishing it with instruments of suj>erior deli- 
cacy, introtlueed a new era in tho history of iistTOacimieal 
obaoj'vation. Tho instruments employed hy Copernicus 
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wvie i»(':iji,il}]o (if {fiviiiif tlie jilaco of a. stav or jilimri wiili 
a [>roi!isiun sueli as to avokl evrom umounEiiig to even this 
iialf of one degree, or an amount of space c<^ual to llio 
Sim's apjiareut diameter. Tho iiisfriimcnts cmployeil hy 
'i'ycho vetluccd the errors of obserration from fractiona 
of di'jfi'cca to fractions of minwtes of ai-c, and whc-n ttuis 
criticiiUy cxaniincdj the planets, na ivell a.i tlic sun and 
moon, prosented anomalies of motion, reqiiiring to ac- 
count for them a large aceiiniulation of roraploxity iit 
the celestial macliincry. Swch was tlie comlitioit of 
tlicorctic ant! jiractieal astronomy at tlic era inawj^urafed 
by tho appearance of the colchrated Kepler, This dis- 
tinguished astroiiomor early l)ccanie a devoted advocate 
of the Co]iernican system of the luiivcrse, adopti"<:; not 
only the central position of the ann, hut also tho aneient 
doctrine of uniform circular motion, and tho theory of 
epicycles. The investigations of Kopler on tho motions 
of tho planet Mara commenced after joining 'I'ycho at 
t'lanibcrj^, in 1603, and, based upon the accurate oltson'a- 
tions of this later astronomer, finally led to the overthrow 
of tiio old theory of epicycles and cireular motion, intro- 
duced the true fignrc of tho planetary orbits, and with 
the cllijilieal theory of planetary motion, commenced tho 
daivn of that brightor day of modern scionco, which in 
our ago wlicds i(a light upon the world. 

'j'ho liiatory of the groat discoveries of Kopler presents 
ono of the moat extraordinary chapter's in Iho science of 
astronomy. It must bo rcmcmljcrcd that tho doctrine of 
cii-eular motion, at once bo beautiful and simple, Imd held 
its sway over the human mind for more than two thou- 
sand ycara. Such, indeed, was its jKiwer of fascination 
that even tho })old and independent mind of Copeniicua 
could not break away from its sway. When Keplev 
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commenced hia examination of the movements of Ma.ra it 
was under the full and firm conviction that the theory of 
circles and epicycles was un(juestionably true. Hia task, 
then, was simply to frame a combination such as would 
account for the new anomalies in the motions of Mars 
discovered by the refined olraervations of Tycho. The 
amount of industry, perseverance, sagacity, and invent- 
ive geniua displayed by Kepler in this great effort is 
ruiparalleled iu the history of astronomical discovery. 
His plan of operation was admirably ]aid, and if fully 
and faithfully carried out, could not tail, in the end, to 
exhaimt the subject, and to prove at least the great nega- 
tive truth, that no combination of circles and epicycles 
could by any possibility truly repr^ent the exact move- 
ments of tliis flying world. It is useless to enumerate 
the different hypotheses employed by Kepler. They 
were no le^ than nineteen in number, each of which 
was examined with the most laborious care, and each of 
which, in succession, he was compelled to reject. Having 
adopted an hypothesis, he computed what ought to be the 
visible positions of the planet Mars, as seen from the 
earth, throughout its entire revolution. He compared 
these computed pla.ces or positions with the observed 
plaeea, or thtrae actually occupied by the planet, and 
finding a discrepancy between the two, his hypothesis 
was thus shown to be false and defective, and must neces- 
sarily be rejected. 

It is curious to note the limits of accuracy in the ob- 
served plaoes of the planet, upon which Kepler relied with 
so much confidence in this bold investigation. Many of 
the various hypotheses which he worked up and applied 
with so rauch diligence, enabled him to follow the planet 
in its entire revolution around the sun, with discrepancies 



Hn^lcdbyGoOglc 



MARS. 107 

between observation and computation not exceeding the 
tenth part of the moon's diajnetcr. Indeed, the ■whole 
error in the compnted place of Mars, when compared 
with its observed place, when Kepler commenced the 
problem, did not exceed eight minutes of arc, or about 
one-fourth of the moon's apparent diameter, and yet upon 
this slender basis this wonderful man declared that he 
would reconstruct the entire science of the heaYena. 

Having thus framed one hypothesis after another, each 
of which was in its turn rigorously computed, applied 
and rejected, this exhaustive process finally brought 
Kepler to the conclusion that no combination of circles, 
with circular motion, could render a satisfiictory account 
of the anomalies presented in the revolution of Mars ; 
and he thus rose to the grand truth, that the circle, with 
all ita beauty, simplicity, and fiiscination, must he banished 
from the heavens. 

The demonstration of this great negative truth was a 
necessary preliminary to the discovery of the true orbit 
in which Mars performed his revolution around the sun. 
Complexity having been exhausted in the combination 
of circles without success, Kepler determined to return 
to primitive simplicity and endeavor to find some one 
curve which might prove to be that described by the 
planet. In tracing up the movement of Mars, as we 
have seen, the figure of the true orbit was evidently an 
oval, and among ovals there is a curve known to geome- 
tricians by the name of the ellipse. This curve is sym- 
metrical in form, and enjoys some peculiar properties 
which wo will exhibit to the eye. 

The line A B is called the major axis, and is the 
longest line which can be drawn inside the curve. It 
passes from one vertex A to the other vertex at B, and 
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the Bemi-ellipse A D E is suoh that if tamed round the 
axis A B, it would fall on, and exactly coincide with the 
semi-ellipse, A B. The line C D is called the minor 
axis, aud is the shortest line which can he drawn in the 
ellij«e. This line divides the figure into two equal por- 
tions, exactly symmetrical. 




The point L is called the center of the ellipse, and di- 
vides all the lines drawn through it and terminating in 
the curve into two equal parts. But there are two 
points, and 0', called the foci., which enjoy very pe- 
culiar properties. If from as a center, and with a 
radius equal to A L, the semi-major axis, we describe an 
arc, it will eut the major axis in and 0', the two foci. 
Now, in case we assume any point on the curve as P, 
and join it with and 0', the sum of these lines, P 
and 0' P, will be equal to the major axis, A B. 

Such are the distinguishing properties of the curve, 
which holds the next rank in order of beauty, simplicity, 
and regularity, after the circle. While the circle has 
one central point, from which all lines drawn to the curve 
are equal, the ellipse has two fo<A, from which liuea 
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ill >\\n !o the simn point on tlio cuuo, when acWcil lo- 
j'ctiiu nopjnilm length to tlit. myoi axn When 
tliomijot ixssof the tlhim is afeanmed aa tlio (Immetcv 
of a enclo, th(, oiuHiiifeienco will whoWy mctee tlio 
tUipsc Wliui Uio mmoi a\is la i"!smucd aa the diame- 
tei, thctiiciimfi,iuic(, will lio wholly iwthni the clli|isc. 
When tlie fo(.i, iml , pio \ay in-u tin, cuitcr, then 
tlie^e Click-), and t!io cllipao lying botwcon tlicuij ivcveiy 
close to oiich other. 

AVhcn Kepler was compelled to abandon ilto circle iinil 
circular motion as a means of roprcscnting the planetary 
revoUitioiia, ho adopted the ellipse im tlio probable form 
of the orbita of these revolving worlds, antl inado an 
especial cflbrt to npply thia new %«ro to a solution of 
the mysteries which still enveloped the motions of Mara. 
]iut hero a new difliculty pvcsentcd itself. In tho civcu- 
liir orbits and epicycles a uniform motion waa always 
accepted, but in tho ellipse, every point of which is at 
unequal distances from the focus, sonic law of velocity 
had to be discovered to render it possiblo to comiiuto tho 
planet's pSaco, even after the axis of the ellipse bai:l 
been determined. Here again was opened up to tho 
mind of tho laborious philosopher a wide field of investi- 
gation. Many wero tho iiypotheses which bo framed, 
computed, applied and rejected, but finally fixing tho 
sun in the focus of llio assumed elliptic orbit, and as- 
suming tliat the line drawn from tlio sun'a center to 
tJio planet would sweep over equal amounts of arm hi 
i^ual limes, ho computed tiie places of Mai-s through an 
entire revolution. Th&ie newJy computed places wero 
now compai'CiJ with those actually fil!e<l by the revolving 
world, and Kepler found to bis infinite delight that the 
planet swept over tho precise track which hia hypothesis 
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lii.iU'Hiil>li'a liitti U> in-cdtrA, ami willi uii exultation of 
viutoriuus U'iuiiijili lo whicli the hkUn-y ol" pure thought 
fiirnislics few piiriillclii, Kepler announced to tho worW 
iiis two fust hws of planetary motion, which iiiity bo 
given as follows: - 

1. J/lvcri/ /ilanel revoloes in an fiUi-lkul orbit uhitut 
ike sun, which occiqties Iho facus. 

% Tito vchcilij of the plaiiul on cvtnj /mini of its 
or/lit is such that the line diawn foni this sun. lo the 
planet will sweep over equal «/t«s ;« iquid times. 

At the timo Kepler lived, liimiaii g<.nnis could not 
linvc ivoii a, grander triumph, foi it w « not only » 
friuiiiph over nature, whicli comiM lied hei to rentier up 
her inserutiihto secrets, but a tiniuipb \\hich for over 
fi-ccd the mind from tho iron sivuy of the schoola, and 
from the prejudices which hiid become veucriihle with tho 
Irtjao of nsovo than twenty eenturie.i of unyielding irower. 
No grander emotions ever swelled the human heart than 
thoio which Kci)lcr experienced when, triicing this fiery 
world thi-o\tgh bis sweep among the fixed atar.-*, be found 
be had truly arid firmly bound bia now captive planet in 
cliains of adamant, from which in all fulurc ages it could 
never escape, having fixed for all timo the figure of tbo 
orbit and the law of ita orbital velocity. 'I'hta extended 
notice is duo to tbc well merited lame of Kepler, iis well 
aa to tho grandeur of tho laws discovered. 

'J'ho el!iptic!i.l theory, now successfully appHed to tho 
planet Mar,'5, was extended rapidly to Mercury, to tho 
moon, and in order to all the known planets. We shall 
hereafter, in our treatment of tho planols, adopt tho el- 
lipiieal theory, and to render our language entirely intel- 
ligible, will proceed to explain what is meant by tbc ele- 
ments of tho orbit of a planet. 
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To (leldi'minc tlio mnipiiltith of atiy oUiiisie, wc must 
know the longcf and shorter axis, or the longer axis and 
tho diatmico froni iho centor to tho focus, called tlio eccen- 
tricity. 

To (teloriniiio the position of iho piano of an ellipse, wo 
must know the position of the lino of its intersection ivitU 
a given plunoj (usually the ccliplic) called tlic line (if 
nodeSf and also tlio angle of incUnalion with lliis fixed 
pl.uo. 

To determine the ponifion of tlic elliptical orbit in its 
own plane, w'O nniat kno^v tho position of tlio vcrlex, or 
extremity of the major axis, called the perihelion. 

And finally, to traco the planofc after all tiicso maltcrs 
sliivU 1)0 known as to its orbit, \vo nnist Vuaw ils ptuce 
or position in its orbit at a given mojnent of tiniu, and 
ila period of revolution. 

Now, every piano of every planetary orbit (lasses 
tlirongh tho fiun'a center. 

l'!very lunger axis of every planetary orbit paR'ica 
tliTOUgli llio sun'a center, and every line of 7iodes of all 
tho planetary oi'ijits passes through the auti'a center. 
Thus we Imvc one point of every axis, lino of nodes, and 
plane of every orbit of tlie primary planets. 

To obtain tho longer a.xis we havo only to racaauro tho 
planet's (listanco from the sun when in aphelion and in 
perihelion. Tloese distanoa added together make the 
longer axis of the orbit. The perihelion distance being 
known, wc residily obtain the cecentricity, Jicnee the 
sliorlcr axis, and fixini fheso tho entire ellipso in niagiii- 
tndtt. The [loint at which s planet passes from north to 
south of iho ecliptic \a one point in its line of nodes, tlio 
snn's center is another, and th^o dotormino tho direc- 
tion of tho lino of nodes, Tho inclination of plane of the 
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planet's oj'bit to the i. liptu, m n i uud Ij ll tu h 
formed between a lini, dnHii fiom Uio buita luita pa 
pcndieaifiF to the line of notles tu the phnoof tlio eclip 
tie, and oiic perpendu uhi to the same lino it llic wimo 
point, but lying in the pi me of the phiiut-i oihit iho 
elevation therefore ol th(. phnLt tbo\ tlii^ccJulic \ huj 
90" degrees from tliouol , wiUhulhL ctnjl )i iiirliiia 
Hon. Having the hno of nodes nud inclination, we can 
draw tbe plane. Having the pci'ilielion point, longev 
axis and eccentricity, wo ciui construct iind locato 
the elliptic orbit, and having (lie moment of perihel- 
ion passage, wo can trace the planet in its future move- 
ment.'). 

'J'hc elliptical theory being adopted and cstcndctl to ail 
the liiiown planets sueeoHsfiiny, it bceaino rnaiiifest to 
the seareliing genius of Kepler tliat thoro existed too 
many common points of resemblance botwccn these re- 
volving orbs not to involve sonic common bond which 
united tbcm into a scheme of mutual dependence, 'i'hcy 
all revolved in clb'ptical orbits. 'Cliese orbits bud ono 
eoinraon focus, the sun. The lines of nodes and princi- 
pal axes intersected in the sun. I'hey all obeyed tlio 
samo law in their revolution in their orbits, and Koplof 
now undertook tbc task, almoat hopeless in its obHi'aol:ei', 
of discovering some bond of union which might reduce a 
multitude of now Isolated worlds to an orderly and de- 
pendent systom. 

Tills problem occupied the mind of Kepler for no hm 
than nineteen ycara. Ho examined carefully all tlio ele- 
meiita of the planetary orbits, and finally selected tho 
tnean dislances and periodic times as tlte objects of bis 
special investigation. He found that the pm-ioih of x<i~ 
volution increased as the planet was more rcmoto from 
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tauco, Tims — 

a:}]0 mean disiwieo of the earth is . . 06,000,000 of mUis?. 

Km iioriod of rovolalioU| , , . . 3«ai days. 

MeaodistacoorMatu, .... 112,000,01)0 of mi li's. 

I'crloil orravolulioii, 681 days. 

In caso tlio distanceg and periodic tiincH wci-o cxnctly 
proportional, wo eliould have V*'=-3oi- -""'' Vs'—*-'-"^ 
nearly, wliile -|H=1.9 nearly. Finding that no simple 
projiovtion oxisted between theac quantities, Kepler broko 
away from the ratios of geometry, wliicU up to hid own 
era had almost exclusively been employed in all astrono- 
mical investigalioua, and conceived the idea tliat tlio bid- 
den scci-ot might be found in proportions existing between 
Kome powers of tlio quantities under consideration. Ho 
first tried the st/mtrcs, or simple products of fho quanti- 
ties by themselves. Hero bo was again unawcceasfnl. 
Ho now i-ose yet bigbcr, and examined tlio relations of 
tbo cubes of the periods and distances. But no prapop- 
tion wiu) found to exist among these third powei-s. At 
length bo was led bysomo influence, Iioknow not what, as 
ho says, to try the relation between the siiuarcs of tlio peri- 
ods and the cubes of tbo distances, tluis, -J JJ X MJ, and 
^^.f X W- X W" J f"*^ '"'i''^ l^y t'"' grand secret, for if any 
ono will perforin the operations ahovo indicated, and squaro 
tbo jiorioda of revolution, and cubo thomeiin distances, 
be win liml tlio aljovc quantities to bo equal to essch otbor, 
or, in other language, bo will find the squares of the 
periodic limes cxaelhj proporthmd to the cubes o/l/ie 
mmn distances. 

I'his is called tbo third law of Kepler, and is povbapa 
tho grandest and most important of all big wonderful dis- 
coveries. ThTOugb its power tbo worlds are all linked 
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together. 5'ho satellites of the planets i-ovolvo in ohctli- 
cnco to ita sway, and oven those extraoi-dinavy objects, 
tlio revolving double stars, are subjected to tho satnc eon- 
trolling law. It resolves at once tho most diffieiilt pro- 
blems involved in the solar system, affonliug a siniplo 
method of delci'miniug tho mean distaneos of all tho 
jilanotSj by measuring the mcnn distance of any oiio 
pknet, and by observing flic periods of revolution. 

As we liavo already seen, the periodic times aro read- 
ily dofcrniincd from noting the "InyH find fractions of days 
which elapse from tho planet's passage through its node 
»intil it returns to the same node again. 'I'his, in case 
the lino of nodes remained absolutely fixed, would give 
tho time of revolution precisely, and a slight correction 
suHices to correct the error due to the movement of the 
nodes. The determination of the mean distance of tlio 
earth, then, becomes tlio key to a knowledgo of all l!io 
planetary distances, from which llowa tho absolute magni- 
tudcs of the pinnotij and their denaitica. 

It 38 not, then, surprising that Kepler, seeitig tho 
grandeur of the conscfpicnces fiowing from the great dis- 
covery, should havo given uttcianeo to his feelings in 
languago of tho most lofty enthusiasm. 

With tho knowledge of the three laws discovered by 
Kepler modern astronomy conimencetl a career of won- 
derful success. Wo shall find, liei'oafter, that even tliaso 
great laws of Kepler are but corollaries to a higher law 
yet remaining to bo developctl, but we prefer to follow 
out the ojxler of eAamiisation and development alrca<ly 
commenced. 

Via resume our discussion of the planet under ovami- 
nation. 'I'lie changes in the apparent diametei' of ,Mard 
nmst, of coui«o, bo very great. When in oppmilion to 
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tJio sun, 01' Oil a lino joluing the sun and enrth, Mai'B 13 
only forty-KGvcn millions of m\\ca fi-om our jilanot, wliil*;, 
on rcacliing his cunjuncliun ivith tlio sun, thia distance ia 
increased by tho cntiru dimnctcr of tlio earth's orbit, or 
19C millions of miles. 'When in oppofition Mnvn sliincd 
with great splcntlor, [ii-cseuting to tlio oyo, as sliown ljy 
the telescope, a largo and \yc11-<lofii\ed disk, with a sur- 
face distinctly marked with jierniancnt outlines of what 
have been conjectured to bo continents and oceans. 'L'ho 
polar regions aro diatin^uisbed by nonea of brilliant white 
light, which, in consequence of their disappearance un- 
der the heat of summer, and tlieir reappearance as tlio 
ivintci' comes on, have been considered as duo to buow 
and ice. 1 bavo examined these snow zonea ivitb tlio 
great refractor of tho Cincinnati Observatory, under 
pceuliavly favorable cireumstanca. To ilbistrato tbo 
>node of observation employed in the deteriniualion of tho 
poriwl of rotation of Mars on its axis, and tho powor of 
tho telescope in tho revelation of the physical constitu- 
tion of this planet, I ippcnd some account of Maedlor's 
ozonations, inado ni 1830 and aKu of those made at tlio 
Cinenin'^ti Ol«ervatoiy in 1845 

Iho li&t opposition of M)rs which occuucd on tho 
^Oth Auq nt 1845 fuinishcd a fii oppoitunity for tho 
mspcttioil of the Hn-guiaiitics of itssuifici, A\len hi 
opposition tho pknot iisos as tlitsun ictn anl tht earth 
ind planet are m a stni^bt but, which by bom^ pro- 
longed, pmcs thiouj tbo sin Ai tbo oibit of M.ara 
iHtloses thit of the outl it \>ill be seen iioin a liltio re.- 
flection tbil when Miis is ni opposition it is ntircr to 
tilt- earth than t my other tino neirci tl n when in 
coniunaun by the cntiK, diainQti.i of tlo euthsorbit, 
01 JMO nulhons of miles In ciao theoibiboi Jfirs and 
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tiio earth woro exact civclcsj tlio distance Ijotwcen tho two 
piancta at every opposition wouUl Iio the same, but tJio 
elliptie figure of the orbita occasions a considei-ahlo varia- 
tion in this distiHieCi and the least distance jiossible be- 
tween the carfii and Slais will bo wlion an opposition oc- 
cin'3 at the time tliut the oarlh h furthest from tlio sun 
and Mai-s ncniost to the sun. Such was approximately 
the relative positions of tlio plancta in 18'15, and their 
(listsinee wna then less tlian it can Ijo again for nearly 15 
years. During the opposition whieli occurred in 1830, 
the earth and Mara held nearly the same relative posi- 
tions. The planet was observed by Dr. Jlacdlov, the pres- 
ent distinguished Director of tho ^Imperial Observatory at 
Dorpat, lirissia, assisted by Mr. Uecr. I have translated 
tlie following notices front Scliumtohet s lonunl — 

"The opposilion of Mara hIhcIl oceuned m tho month 
of September of this year (ISilO), and at whicli timo thn 
planet appraaeUed nearer tlio c titli tlnn it will a^^ain for 
15 yeara, induced us to obscnotho phnetas oft*.n na ll>o 
clouds would permit, in ordci to dcternuno the position 
and figure of ita spots ; tlieii possible iilijsital cliangts, 
and especially the time of resolution on its axi$ Plio 
telcicopo employed wa.s a I'l menliorci U(,fitctoi, Ij ftct 
focuM. 

" 'Che oppasition oeourred on the J9tb bcptcinbci, wd 
the nearest approach to tho earth (0,384) on tho 14tli of 
the same month. In all succeeding oppositions up to 
1845, this distance amouuta to 0.6, and even up to 0.05 
(the unit being tlio mean distance of the earth from tho 
Bun). On account of the accui-ato definition of the instru- 
ment, wc ivcro able to employ a power of 300 generally, 
and never less tiian 185. 'With low magnifying powers, 
tho greatest diameter ^sm determined to boa lidlc less 
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than 22". Our obscrvatioiia extended from tlie 20tli 
Bcptcmbev to the 20th Octolwr, during wliioh time lY 
nights, more or leas fayorablo, occurred, and all sidca of 
Mars camo into view. 'I'hirty-fivc drawings were exe- 
cuted. It waa not thought advisable to apply a microinc- 
tor, aa the thickness of tlio lines would have produced 
gi-cator crroi-sin such minute measures than those arising 
i'rom a careful estimation by the eye. Tho drawings 
were invariably mado with tho aid of tho tclcsoopo. 
Commonly a Uttlo delay was had, till the undetermined 
ligure of the spots visible at tho first ghincc scpiirated 
themselves (to tho eye) into distinct portions. 

******* 
"On tho 10th September a spot was seen so sharp 
and well defined, and bo near the center of the planet, 
that it was selected to doterraino the period of rotation. 
Onthol'ltU September it retrograded from tho eastern 
hemisphere, through the center to tlio western hemis- 
phere, in tho course of three hoiirs. Its figure un- 
altered during four days, and its regularity lis to rota- 
tion left no doubt of its identity and pormaiieneo. 

" 111 tho course of 2} houvs Mars exhibited an entirely 
different appearance, fbe spot (already alluded to) 
was near tho wtslcrn disk of tho planet. On tho 16th it 
was again observed, and tho periml of revolution do- 
duccd. It was invisiido up to tho middle of October, ap- 
pearing only ill tho day time on the side of the planet 
nest to tho earth. It was first observed again on tho 
19th October, and the disk of Mara showed itself with 
uneommoii Bharpness. On the southern border of the 
prineiiMil spot two red spotis were seeu, resembling a 
ruddy sky on the earth. They appeared fiiintcr an 
hour after, and although they again seemed brighter 
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they were never again seen red. We also observed a 
faint spot near the principal one, which was never after 



" The observations from the 26th September to the 
5th October showed to us some very dark spots, which 
in zone-formed extensions showed a strong contrast to 
the brightly illuminated surfaces free from spots. A 
fragment of one of these spots was at tlio north end dis- 
tinct and broad, while at the south end it was bo small 
aa to be seen with difGeulty, Between the pole and the 
principal spot, there was seen a broad stripe, of lesa 
shade, while the northern hemisphere was almost en- 
tirely free from spots. Bad weather interrupted the ob- 
servations from the 5th to the 12th October. 

" On the 13th, a spot appeared for the first time 
again, but so near the western disk that we recognized 
ite return only on the 14th. 

" More accurate observations were had on the 19th 
and 20th October, when this spot passed the middle of 
Mara, which movement was observed with all aecuraey, 
and hence a now determination of the period of revolu- 
tion. Computation gave the magnitude of the invisible 
part of Mars on the 13th Oetober-0.06, on the 20th, 
0.08, of the radius of Mars. 

"Prom the beginning of the observations there was 
seen at the south pole, always with great distinctness, a 
white, glittering, well defined spot, which has long been 
observed, and is called the 'snow zone.' During the 
observations it continually diminished up to the 5th of 
October. Here an increase commenced, yet very slow. 
On the 10th Soptember wo estimated it, — .110 ; 5th 
Oct.— .110, and 20th Oct =:.115of the diameter of Mars. 
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" In ease wo ittlopt ITcvschel's detorininntion of inclina- 
tion niid position of the axis of Min-s, with i-ofcrcnce to its 
ovbit, the south pole of Mars on tho 14th of April, :!8S0, 
must havo had its equinox, and on tltc 8t1i Scptcmher, 
its suniincv .solstice. The BmaSlcst diamotcr of llto ' snow 
zoue' occiiiTctl on the 27tli day after tho summer sol- 
Blice, a time whicJi corresponds to the last half of July 
on the nocthcrn hemisplicro of tho earth, at ivhicli time 
it is well known we liavo tho greatest heat. 

" Preceding obsorvcra in oppositions, whore the polo 
was further from the inaxiniinn tetnpcrature, liavc secti 
tho ' snow Kono ' much larger, although nwirly all regard 
it lis ohiingctihlc in size, 'i'licsc faetxS seem to suslain tho 
hypothesis of a eovcring of snow." 

As a further eonfirniation of tins hypolhesia, wo sub- 
join tho following computations, by the samo persons. 
'I'he previous determinations of tho elder I lerschcl aro 
tnkoti as the basis of the calculutions. This wliito polar 
ix^ion is now distinctly visible, and scorns to bo accounted 
for in no otiior way. Comparing iho various seasons in 
Mars, Macdlor finds as follows : — 

" Duration of Spring, N. Itomispherp, . . !9U Mare' diiji^. 



" Adding spring and suunnur togellicr, iind fall and 
winter, wo have— 

" ilurafioii of Suiiimer in N. I!. Iv 8. II., . . . its I'J lo l!i 
" Intuiisity of say's fight in N. 11. to & If., . . m 'iO to 'in 

"Uniting these two pTOiwrtions, and nsstnning that 
heat and light are received in e([ual ratios, it will follow 
that the south pole, by tho greater intensity of solar heat, 
is more than compensated for tho shoriness of its sum- 
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mcr. But Bineo for llio wiiitoi' the proportion of 20 to 29 

is rovei-acd, so wiil the wiiitof of the south pole, not ouly 
on account of longer duration of cold, but alfio fi>nn its 
greater intensity, be fur more severe thiin in the north 
pola 

" Ilcrcivifh agree the facts that preceding ohscrvera 
Iiavc not lost sight of the ' snow zone ' of tlio south pole, 
even when the pole became invisible, ivheneo it follows 
that it must extern! fi/nu the pole 45" degrees ami even 
fui'lhcr, while we, under like circiinistanees, eould not 
discover any such appearance on the north side of JIars. 
On tlio contrary, the brightness of this porlion was exactly 
like that of tiie other parts of the disk," 

'J'hc conclusions i-eached by tlie (JJcrmau asfrononiei-s, 
m above, were confirmed in the fullest manner by tlio 
observations made at tho Cincinnati Olisorvatory during 
the opjKsition of 1845. I will horerecorcl sonte shiguhir 
plienoniena connected with the " snow Kono," wbich, so far 
B3 I know, have not Iwcn noticod clsowbcro. 

On the night of July 12th, 1845, this bright [tokr 
sjmt presented an appearance never cxliihited at any pre- 
ceiling or succeeding observation. In the very center of 
the white surface was a tlar/c apul, which rrf.ifjn il \\a 
posilion during several bouva, and was dirflinctly i- <-n Siy 
two friends, who passed the nightnitli mo in lliu oh^fiva 
tory. It was much darker and better dcfnicd than any 
spot previously or 8Hbsef|ucni!y observed here, and, in- 
deed, after nn examination of more than eighty diiiwings 
of the aurSwo of this planet by other observciii at jircvi • 
ous iippositions, I find no notice of a <lai-k spot ever hav- 
ing Imtcu maw in the bright smuv v.<»w. On the ibUowing 
cveniiig no trace of a liai I.- sim/ iv.i-i to hu nvn, and il, hiid 
never after been visible. 
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Again, on the evening of August 29th, 1845, the snow 
zone, ■which for sereral weeks had presented a regular 
outline, nearly circular in appearance, was found to be 
somewhat flattened at the under part, and extended east 
and west so as to show a figure like a rectangle, with its 
comers rounded. On the evening of the 30th August I 
observed, for the first time, a small bright spot, nearly 
or quite round, projecting out of the lower side of the 
polar spot. In the early part of the evening the small 
bright spot seemed to be partly buried in the large one, 
and was in this position at 8h. 55m., when the draw- 
ing, No. 1, was made. After the lapse of an hour or 
more, my attention was again directed to the planet, when 
I was astonished to find a manifest change in the posi- 
tion of this small bright spot. It had apparently sepa- 
rated from the large spot, and the edges of the two were 
now in contact, whereas when first seen they overlapped 
by an amount quite equal to one-third the diameter of 
the small spot. On the following evening I found a re- 
currence of the same phenomena. In the course of a few 
days the small spot gradually faded from the sight and 
was not seen at any subsequent observation. Should 
Hersehel's hypothesis be admitted, that the bright zone 
is produced by snow and ice near the pole of the planet 
analogous to what is known to exist at the poles of the 
earth, these last changes may be accounted for, by sup- 
posing the small bright spot to have been gradually 
dissipated by the heat of the sun's rays. 

Its apparent projection over the boundary of the large 
snow zone may have been merely optical, and the sepa- 
ration may have been occasioned by seeing the two ob- 
jecta in such position as to prevent the one from being 
projected on the other. Such change may have been 
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produecil by flio voiation of M.u-^ an its n\h m t!i« apaco 
of It few llOUl'S. 

'I'o detcrmino tho exact period of i-otation of Mai-s, Sir 
Wiliiam lieitiobcl iiistit«te(l a aeries of ohsevvatioHS in 
ITTTj vliicli wore followed by others (luring tlio opposi- 
tioii of 1Y7!). l''iom tlio first fievica an appro xi mat 
period of rotation was obtained, and by unitini; the ob- 
Bervations of 1777 and tlioso of 1779, and using 24h. 
KOm. aa tlio approximato period of rotation, llerscliel 
made a furtber correction, and fixed tho rotation at 241i. 
89m. 21.68. 

fttaodlcr'8 tlctcvmi nation, in 1830, gave, for a final 
mtilt, 24h. 87in. 10.4., which, in 1832, was con-octed 
and fixed at 24h. 37m. 23.7s. 

In 1839 Alacdler reviewed Herscliel's obsovvationa, 
from whence his fir.^it rcauUa wove deduced, and discovered 
that after jntrwluoing tlio necessary reduction, tliG dis- 
crepancy of two minutes might bo reduced to two seconds, 
by giving to Mars one moro rotation on its axis, Ijotwcen 
the observations of 1777 and 1779, than Jlcrscliol had 
employed. 

In 1845, when Mai's again occupied the same relative 
pasition that it had done in 1830, it was too far south 
for observation at Dorpat. 

I5y combining Macdlor'a observation, niado at Berlin, 
1830, September 14, 12h. 30m., witli one made at tho 
Cincinnati 01>serviitory, 1845, August 30, 8h. 55m., 
malfing the corrections due to geocentric longitude, 
phase, and aberration, 1 find the period of rotation to bo 
glh, 37m. 20.63., diftering by only two seeonds from 
Maedlcr's period as last corrected. 

It is generally believed that Mars is surroniidod by an 
atniosphoro wltioh in many itispecla resembles our own. 
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111 eaao this fee truOj wo may aniicipate the exlstcneo of 
bells of cloiitl8, and oceaaional clowdy i-cgionSj wbicli 
■Vfould niwlify the outline of the great tracts of seiv and 
land, and would account (or tlio mpid changes wliicli are 
sometimes iioliced in the Burfaco of (!tc planet. 

The axia of the planet is inclined to ila orbit (as may 
readily l>c deduced from the rotntlon of Hie S|iotM) under 
an angle of a little more than 80", Ucncc t!io varialiona 
of climate and the changes of Boason in Mars ivill not bo 
very unlike those which mark the condition of our own 
planet. Indeed, there are many strong poitita of rcsciii- 
blaneo in the planetary features of the cartli and tliia 
neighboring world, Tlio planes of their orbits aro but 
litllo inclined to each other, a little Icsfs than 2". Their 
years aro not widely ilifforcnt when we take into account 
the vast periods which distinguish some of the more dis- 
tflnt planets. 

'J'ho seasons ought to be nearly alike, and the length 
of (kiy and night, as dotevmincd by the periods of rotation 
of the two worlds, is nearly tho same. In case the great 
geographical outlines are alike, and seas and continents 
really diyei«ify the suvfaco of Mars with an atniosphcro 
and cloud.^, tho two worlds bciir a Htrong resemblance to 
each other. 

'L'lio aclnal diameter of Mars is only 4,100 miles, or a 
little more than half the diameter of our earth, while its 
volume is iiot much greater than oi\o-tenth part of tlio 
volume of our planet. 

To the inhabitants of Mars (if such there be) the carih 
and moon will jirosent a very beautiful pair of indi*iolu- 
hly united planets, showing all the phases which aro 
presented by Mercury and Ycnus to our eyes, tho two 
worlds never parting comp.iny, and always remaining at 
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a distance of aliout one quarter of ono (logi-cc, or about 
liiiif the inooii's apparciit diumcter. 

The amount of heat and ]igiit received fi-om the sun by 
Miii-a is about one half of that whiuh falls on the earth; 
and in cnso the planet were placed under ilie ideidical 
circumstances which obtain on earth, the equatorial 
oceans even would bo solid ico. This, is'e have ovoiy rcii- 
sou to bolicvo, is not the case, and liencc wo are induced 
to conclude, as in other ciises, that the liglit and boat of 
tbe sun ai-o subjected to special niodifications, by atmo- 
upiierio and other causes, at Iho surfaces of each of tbo 
■worlds dependent on thia great central orb. 

't'lie refldish tint whici! marks the light of Mara lias 
been attributed by Sir John Jlci-sehel to the prevaiiinj; 
color of its soil, while be considei'S the grcelli:^h hue of 
certain tracts to dislinguish them as covered with water. 
'I'his is all pure conjeetttrCj based u{)on analogy and de- 
rived from our knowledge of what oxisla in our owa 
planet. If we did not know of the existence of seiui on 
the tilth wc could ni,\ci conjcetuio oi suimiso tboii 
tMsttnecm any nughboinig woild Undei what modi 
fiotion of (iiouinstinc i sentient bomgs miy bo pUced, 
who inliabit tbo uujiboiin^ mciUJi it ii \ un loi ua to 
iiingmo 

ttwoull be most lUucdiMo to laseit, m ROme hv.0 
dont,, tbit oui plmet, ^o sinill and insignifictnt m ita 
projKUions when compired witb oth(,i phiicts lulh wbioli 
it H allkd H tbo only i>oild m the whole muvei-«. Idled 
Hithimticnt ntioinl tnd intelligent bom, a e tjtablo of 
conspiehcndiH^ the j,utud mjatenc* of the phj^jn-tl uni 
verso. 
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CHAPTER VI. 



THE A9TBK0IDS: A GBOUP OF BMALI, PLANETS, THE 
FIFTH IN THE OBHER OF DISTANCE FROM THE 6DN. 



The worlds thus far examined in our progress outward 
from the aim have been known from the earliest agca. 
Those coDstitoting the group under consideration, called 
asteroids, have all been discovered since the commenee- 
mcnt of the present century. 

The circumstance attending the discoTery of 

Ceres, ® of the asteroids are replete with interest, 
and demonstrate the power of the conviction in the human 
mind that, in the organization of the physical univerae, 
some systematic plan will be found to prevail. In draw- 
ing to a scale the solar scheme of planetary orbits, it was 
readily observed that the distances of the planets from the 
sun increased in a sort of regular order up to the orbit 
of Mars. Here, between Mars and Jupiter, there was 
found a mighty interval, after which tiie order was re- 
stored as to the planets beyond the orbit of Jupiter. 

As early as the beginning of the seventeenth century, 
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JCoploi', whoso singular fjrniua wna captivated by mystical 
numbcra and curious analogies, conjectured the cxistenco 
of an imdiscovored planet in tlna great space which iii- 
teryeiied hehv-fCJi Mara aud Jwpitcr, Tlic thought thua 
tlirown out rcrpurcil no less tUitn two hnndret! yuars to 
take root and yield its logifimate f'l'uit. 'i'iio discovery 
ofn planet l)cyond tlio orhit of Saturn, by Sir William 
llci-bdiel, in 1781, greatly etifnglheiicd the opinions 
based on the oitlcrly an-aiigenicnt of tlio iiitcrplanctnry 
Bpaccs ; and llio Gerniiiii aatvoiionicr, iBodc, by the dis- 
coveiy of a curious i-elalion, which seciiictl to control 
the diatuncca of the jjlaueta, gave additioiinl foreo and 
power to tlic conjecture of Koplcr. 'I'his law ia a very 
reuinrkabic one, and although no explanation could bo 
given of it, WHS verified in so many instances as almost 
to force one to the conclusion that it must bo a law of 
nature, Wo present the kw in a simple form. Wrifo 
the series- ■ 

0, ;i, 0, \9., i>.l, .(8, 9(1, &c. 

add i 4 .l: 4 4 4 4, &ic. 

sum i 7 JO 16 28 52 100, &c. 
J^fow, if ten be taken to represent the distance of tlio 
cnrtb from the sun, the other terms of the series will 
represent with conaiderablo truth the distances of tho 
other planets, as wo will readily perceive, thus :- - 
Merauvy. Vvnm. HnHli. Miiis. Jiipiior. Hitlnii,. Tfi;;iiiif, 

4 7 10 10 98 r>-^ 100 f!)(i 

The true distunce^ arc roaghly m under :- — 

JJ.8 7.2 10 16.2 52 yr..3 191.8 

It is thus seen that tho actual distances of tho ])lanota 

agree in a moat remarkable manner with those oblitined 
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by the application of Bod^s Law, and aa no planet waa 
yet known to fill the distance (28) between Mara and 
Jupiter, it required very little devotion to the analogies 
of nature to create in any mind a firm belief in the ex- 
istence of an unknown planet. 

The German astronomers, at the close of the last cen- 
tury, took up the matter with earnest enthusiasm, and in 
the year 1800 a congress or convention of astronomers 
i at Lilienthai, of which M, Shroeter was 
;, and Baron De Znch perpetual secre- 
tary. It was agreed to commence a systematic searcli 
tor the unknown planet, by dividing the belt of the 
heavens near the sun's path, called the zodiac (and within 
whose limits all the planetary orbits are confined), among 
twonty-four astronomers, who with their telescopes should 
search for the object in f[ue3tion. 

It was manifest that the unknown planet must be 
very small, too small to be visible to the naked eye, 
otherwise its discovery must have been long since accom- 
plished. It might, however, prove to he large enough to 
exhibit a planetary disk in the telescope, in which event 
a simple search was all that waa required. If, however, 
it should be too diminutive to show a well defined disk in 
the telescope, then another method of examination would 
he required. The planet could- only he detected hy its 
motion among the fixed stars. This, indeed, is the way 
in which all the old planets had been discovered ; but 
while the naked eye takes in at the same time a large 
portion of the celestial sphere, the telescope is extremely 
limited in \t& field of view, rendering the search labor- 
ious and difEeult. Were it possible, however, to make an 
exact chart of al! the stars in a given region of the heav- 
ens, to-night, if an examination on to-morrow night of 
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the same region abould show a strange star among those 
already charted, this stranger might with some proba- 
bility be assumed to be a planet. 

A few hours of patient watching would show whether 
it was in motion, and a few nights of observation would 
reveal its rate of motion. 

Such was the mode of research adopted by the society 
of planet-hunters. The system thns adopted had not 
been pursued but a few months when a most signal suc- 
cess crowned the effort. On the nightofthe let January, 
1801, Piazzi, of Palermo, in Sicily, observed a star in 
the constellation Taurus, which he suspected to be a 
stranger. On the following night (having fixed its posi- 
tion anew with reference to the surrounding stars), he 
found it had changed its place by an amount so large 
that its real motion could not he doubted. The star 
was found to be retrograding, or moving backward, and 
this continued up to the 12th January, wHen it became 
Bta,tionary. It was soon after lost in the rays of the sun, 
thus becoming invisible, before any considerable portion 
of its orbit had been observed, and before Piazzi could 
communicate his discovery to any member of the society. 

Piaazi not considering it possible that a planet which 
had remained hidden from mortal vision from its crear- 
tion could he discovered with so little eifort as had thus 
far been put forth, conceived that the moving body which 
he had discovered was a comet, but the intelligence hav- 
ing been communicated to the society. Bode promptly 
pronounced this to be the long sought planet, an opinion in 
which he was sustained by Olbera and Euckhardt, Baron 
de Zach, and Gauss, and I know not by how many other 
members of the society. 

It now became a matter of the deepest interest to re- 
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discover this stranger after iia cuicrgencc fi-om tlio snii'3 
mys, a tmk of 110 littlo dilTtCHlty, wa wo will sco by l!»o 
slightt^t rciieetion. 'Tlio star Jind been followed tlirougU 
only about 4° of its orbit, and on this slcndor Ijasis it 
BCeincd almost imjKissible to ereot a snpei^lructuro such 
us might conduct the astronomer to tho point occupied at 
any given tinio by tliia almost invisible world. "Wo sbivll 
Bco lioveafter that this most astonishing feat wiia success- 
fully accomplished by the German mathematician and 
astix>iiomcr, Gauss, then quite a young man, and who, in 
this early effort, gavo evidence of that high ability for 
which lie bceamo aftorwai-d so greatly distinguisbed, 

Oei-es being re-discovered, and closely observed, tho 
datti were soon obtained for tho exact computation of tho 
elements of ita orbit, when it was found to occupy, in 
the planetary aystein, tiio precise position wbicli hnd liecn 
assigned to it fifteen years before by Baron do I^acli, in 
accordance with tho indications of tlio curious empirical 
rule, ali'cady presented, known as Jiode\^ law. 

'Plio harmony of tho system was thus fully established, 
tho mining term in tbo series was now fdleil. '.I'lie vast 
interplanotary spnco between Mara and Jupiter was tho 
real Imality of a discovered world, whose existence had 
been conjectured by Kepler tivo hmidrcil years before, 
and whoso discovery, by combined systcraalio and seion- 
tifio examination, constituted the crowning glory of tbo 
ago. True, tlie new planet was exceedingly small when 
compared with any of tho old planets, yet it acknowledged 
obedience to the great laws established by Kepler, re- 
volving in an elliptical orbit of very considerable eccen- 
tricity, and sweeping round the sun in a period of aboufe 
four yeurs and nine months, and at a mean distance 
of about 263 millions 0/ miles. 
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The tolcscopo yielded but little hifonnation as to tlio 
absolute magiiitudo and coiidttbii of Ccrca. Its diiiinc- 
tcr has been measured by various asti'onomci-a but tlio 
results arc so discordant that but little coiifldcnec ia to 
pliteed in tbcm. It eamiot, probably, exceed 1,000 niik'3, 
and may lie much less, it is supposed to bo KUfrouiidod 
by an extensive atmosplicre, but the evidence of tliis is 
not very reliable. IJmlor favoniblo cireuniataiiccs, and 
nilli a powerful telescope, a di^ik can ROiiictiiiies be seen, 
but for the most part Cci-cd prcseufa the appearance of a 
Star of about the eiglith ma{;niitude. 

Snch was tlio condition of astronomy, affording to 
those iutorestcd cause for high graflfieation in the now 
known orderly distribution of Uie planetary orbs, ivhen 
an announcement wiis made which was i^eecived witli 
jdofound astonishment, as it at oiico introduced con- 
fusion precisely at the jmint in \ihich order luid been so 
littcly rcstotxid. 'I'his was tiio discovery of anollier Binall 
planet, by Olbers of JJrcmon, revolving in an orbit nearly 
ci|ual to that occupied by Ceres. Coniputatiou and 
olservation iniited in fixing, beymul doubt, lliia most 
extraordinary discovery, and tlio now and anomalous 
iMHly received tlio namo of X'allas. 'i'ho exact clementa 
of tbo orbit of Pallas having been determined, it wiis 
found that a ve)-y near approximation to e(iualily oxiated 
Iffitwcen the mean distances and porioda of Geres and 
I'allaa, as wo find holow : • 

Ceres' period of rovohiiioi!, .... l,r!S3,l55 iltiys. 

PiiflaB' " "..... t,(iHS.5II> " 

Ceres' liiciin (l!siuiici.> 2G~',9liO,U00 isiilCH. 

raltaa' " " 203,4:»,000 ■' 

Here wc find tbo mean distances and jieriods so nearly 
Cfinal, that in case the planes of the orbits of the two 
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pkncis liiid cliniieeii to coincide, these two worlds might 
travoi sitlc by side for ft long wiiilc, unil at a distiuico 
from Ciicii otiier only ahout double the diatauce scpitratiiig 
tlio cai-th ii-oia her r=iito]litc. 1'hc distance botwccn Miirs 
and Oeifrt is no lets tliau 120 millions of miles. 'I'hc 
distance from Ccrca orbit to that of Jupiter is inoro 
than 280 millions of miles, and yet hero are two [(hmcls 
wliieli may ujiproiicli each other to witliiu a distance loss 
tiiaii half a million of niilca. 

ft is Inio, tlm eccentricities of the orbits dilfer gi-catiy, 
aud tlic inclinations of their orbital planes is also very 
gmit, so that J'alias, by this inclination, is curried far 
beyond the limits wiihin whicli the planetary excursions 
north and south of tJic ecliptic had been jircviotisly con- 
fined, yet ft time would come in tlio countless revolutions 
of those rcmai'kablo worlds when each would fill, nt tho 
Banie time, points of tho common lino of intei-seelion of 
thciv orbital planes, and these two poinlH, owing to tho 
(■evolutions of the perihelion, might, possibly, at some 
future periixl, como to coincide. 

In case these speculations were ivilliin the limits of iho 
prolrahlc, and if it were jiennittwl to anticipate in (ho 
future, the possible collision or union of tlic^e mitnito 
planets, a like train of reasoning, runniiif; back into tho 
;i>asl, would lead to the conclusion that in ease their rev- 
olution had been in progress for nnnumhercd ages, tliero 
was a timo in the jjast when those two independent worlds 
might have occupied tlio same jioint in space, and lieiico 
the thought that ]i(>-.sibly ih.'y wci'o fragments of some 
gi-Cftt planet, whii'li, by the power of some tremendous 
internal convulsion, iiad been burst into many BojMrato 
fiiifinents. This Htrange hy|>otbcsis was first pTOpounded 
by Dr. Olbera, snd has mot with more or less favor from 
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succectling asti'oiioniera, even up to tlto preHeiit day, as 
wo sbiill sec hcrciiftor. 

'IV«G or false, it soon produced very positive results, 
for it ocoiiBioncd a reucwa! of tlio rcBearoh whioh Jmd been 
discontinued after tho discovery of Oci-ea, nitd iti a fow 
yeai-a two mora planots wei-o added to tlic list of asteroids. 
'I'lic EcareU was long continued, and it was not until tlio 
end of fifteen years that Olbcrs and liis associates becaino 
satisfied that no moro discoveries could bo oxpeoted to 
rowavd their diligence. Thus it became a received doc- 
trine that in case a larfjo planet had been rent asunder 
by some internal explosivo power, it had been burst into 
four pieces, and tliat no other fragments existed sulficieiitly 
largo to bo detected oven by telescopic power. 

litis (pii ion piovailed up to Dt-etmbei, 1845, wlien 
tho astronomical woild ivas somen 1 it at n tied by tho 
announcement of a new asteroid discoicicd by llenko, 
of Breiscn Ihis e\eut ivi ikoned attention to tliia s«b- 
jct.t iiid a new gcneiation of obseiveis (.ntercd tlio field 
of rcbciich whoso cJloita Imvo icsultt-l in i-ovealiug a, 
lugo gioup of bmall phncts of «htch no le«s than fifty- 
fi>o have alieady been diseovoicd an I then orbits com- 
puted 

Jlio theny of tho ditiupfion of one f^uit planet aa 
thoon^ni of the latuoila hoa Icui levued and axtcn- 
sivt.!y discussed but thug fti no f-itiaficloiy conclusion 
his been retched So sti xn^tly iii. tlio oil its of thcso 
boilits jelated to each othci thtt m ca o thi-y all kid on 
tilt, sjinio phno, thoy would m some mstancwi interMCCfc 
cioh other e\lubrtnig lehljons iio«hi.i'o cl^o found in the 
Holar system. None of tho asteroids ai-c visible to the naked 
oyOj nor aro they distinguisliablo from the sfai« with tho 
■; except under tho most favorable cii-cumstjtnees. 
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When cnvcfully watclicd somo of them exhibit rapid 
obangcs in tho intctisity of lliuir light, somctimea autl- 
ilculy increiising in bj'igbtiiosa, nml agitin na rapidly fJu!- 
ing out. These changes have been accounlcd for wu tfio 
BUjUJosition that theso worWa are indeed aiigulsu- fra;;- 
iiienta, atid tlmt, rotating on an axit), they somelinied 
present largo I'cflcctivo Bin-faces, and again angular 
poinlSj from wJicnco liut a small amount of liglit roacliea 
llio earth. 

As the stars of Iho sinatlcr niagnitxulea arc becoming 
moro extensively and accurately chanted, fhcir places 
lieing determined ^lith great precision, ivo may aiitici- 
I)uto a largo iuoi-caao in tho number of knonn astei-oids 
(luring tho ramainder of flio curi-ent century, and bo 
forward ; for if bo great a mnlliludo lias ali-cady been rc- 
veiiled almost ivitliout cftbit, and nearly by accident, 
what must bo tho result when a systematic scliemc of 
examination shall havo been cxecntcil, based on an ac- 
enmto tnowlcdgo of tho places of all iho afara down to 
tho twelfth magnitude? Wo bas'o juat ground for sup- 
posing that there arc tbou'-amls of thc.-e liftlo ^vorld^! 
rovolving in space. 
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l\ pTS^ing fiom the (limmuUvo abtn iiK Ij llii ini/ 
i!iluli,ainl Hplciului i\hic!i (lutiiiKUibh tlio \ tst oibiiliidi 
lioid-i tlic iio\t position 111 tlio iiliinUiij ijstf in, wo aio 
the moio di'>|KBLil to wlojit tUo tliLOiy tint (lie i.\(,t.cl 
Jii^ dis|)auty noi\ t'li^hn^ in tin, mi^nitude of thcw 
neigUboiiiy Moilda la duo to tin, fict thiit tlio HStoioidq 
lie but a fon ot the fi lyuitiiti of aonio object hi wliick 
they \¥t,rG all 0111,0 united Wo sliill liuciUu pitit-nt 
t ■ipK.ulation on tiua Bulyttt siliioh b(,i,ii)8 euliiitd to 
GOlhutcF itioii 

Tht planet JH|Mtoi isoiw of tin, five icvolsiii,; woilih 
di^iovcrai in the primitive a^Cj Jts iiMjlulion iinon ; 
the fixed St \r8 is alow and in i]i. site coinjwitim mU^itii 
it8 ust dimensions, ml tlio di ,mtj (.yiiluit-d 'ij loui 
tiibatxrj worlds 
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T.ilco all tho oUl planets, t-bo aiioicnta had detorniin«(l 
with ooiisidorabb precision tlio period of revolution of 
Jupiti;!-, and his relaiivo position mnong tlie pknoiiiry 
worlda. 'J'he points in his orbit wliore ho becomes sta- 
tionary, tite ai-e over ivhieh iso retrogrades, and his period 
of rctrogradation, were all pretty well determined from 
tho early otecrvations. 

As we recede to gi'Oiitcr distances from tho sun, tlio 
arc of rctrogradation diminishes in extent, while the time 
employed in describing tliese arcs must by necessity in- 
crease. This will become evident if we recall to mind 
the cause of this apparent roti-ogradalion. AVhen the 
sun, enrfh, and planet, nre all on tho siuiie straight line, 
the earth and planet being on the fianio side of the sun, 
tlien the planet is exactly in opposUion. The earth and 
planet starting from this line, as tlio earth moves tho 
swifter in its orbit, at tho end of, bay, twenty-four houi-a, 
tho lino joining tho earth and planet will fake adii-eotion 
such that it will meet tho fust lino exterior to tho orbit; 
of tho planet, as seen below :— 



K I' is tho line on which tho throe bo<lics are fonnd 
on tho day of opi)osilion. At tho end of, say, twenty- 
four houns, the earth arrives at; K' in ita orbit, the pliinot 
at l", and then the planet is seen from tho ejirth in tho 
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directJOQ E' P' S', whereas on the day previoua it waa 
seen in the direction EPS. Thua it appears to have 
moved backwards from S to S' among the fixed stars, 
while in reality it has moved forward in its orbit from P 
to P'. Admitting the orbits to be circlca and the mo- 
tions to be uniform, it is very easy to locate the places of 
the earth and planet on auccesaive days after opposition, 
and joining those places by straight lines, we should soon 
reach a position in which the lines thus drawn on con- 
secutive days would fae parallel. There die planet would 
appear stationary among the fixed stars, and there its 
advance would commence, aa is manifest from the figure 



m which S is the sun, E E' E" W" the s 
of the earth, P P' P" P'" the successive places of the 
planet. The lines E P and E' P' meet on the side op- 
posite the enn, the linos E' P' and E" P" also meet on 
the same side, but W" P'" and B" P" are parallels, and 
in P" the planet becomes stationary, and after passing 
this point, the earth still advancing, the lines joining the 
earth and planet meet on the side next the earth, and 
henceforward the motion of the planet, as seen from the 
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onrtli, must contin o to ! d cet tl Ice 1 go 
round agiiiii to oe i ) tl o co j E o 1 | o i 
\yhiuh the statioi): y { t tU | t i I tU i I 
graiJation will bo tou c«l 

T)ic tllstanco of a y | ! ei f n t! c ter 3 of 

tho earth's distance miy t o ol It 1 1 o a caw c 
mont of tlio arc of ct o^ n h o g v t By 

twenty-four hours pro 1 1 o 1. tl [ o 1 I 

in ivIiieU tlio cartl anl il i t olve I u 

This will Ijccouio ov lo t f o tlio f „ c I lo 




in which S U tho sun, E and P tlto places of tho earth 
and planet on the day of opposition, K' and 1" their 
places at tho end of twcTity-fottr hours. M 10' and 1' P' 
may bo regarded aa Btraight lines, m thoy arc very short 
in comparison with tho entire oircumfercnco. Aa ivo arc 
supplied to know tlic pcriodH of revolution of tlio eartli 
and planet, the distances, I'j' Ji and P P', arc fractional 
part8"oflho whole circumference, rcpi'cseiitcd hy one, di- 
vided by the number of days in tho periodic time, 'i'ho 
fraction for tho earth is gjj-.sji and for Jwpiter it is 

II! iho right-angled triangle, E' E 0, wo know tlio 
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value of E' E, and tiio angle, K' E, equal to S'O S'J 
or tlio rctrogradatioii of the pkuet, iloiico the other 
parta bcoomo known citlier by coiisti-uctioii or tlio 
siniplcat processes of trigonometry. We thus dctcriioijio 
tlio value of E 0, and adiiuig S K, wo have tho value 
of S 0. Then in tho triangle S 1'' 0, wo have tho 
aide S 0, juat dotorinincd, also the angles Y S and 
P' S. Hence wo can conatruot tho triangle, or coni- 
puto by trigonometry tlie other parts. Thus S 1*', tho 
planet's distance, becomes known, 

III case tlic jieriotlic tiniea were aceuratoly known, and 
tho orbits were exact circles, tliia mode of determining 
the distance of a superior planet wotild be suflleiontly 
exact, but by tlio thiixi of Kepler's laws, whicli tells ua 
tliat the st^uarea of the periodic times are proportional to 
the cidjcs of tho incan distances, we perceive that the en- 
tiro probleip of the planetary distances resolves itself 
into fixHig, With all possible precision fiom oincrv ttion, 
the penods of n.\olution, and then in obtanimg (ho exut.t 
diatniico of iny one of them 

Mo have ahi. i ly stited thit tho mtfi\\l clipsmg fiom 
the pissige of 1 plnnct fioni orn, mdo of the coliptie to 
ihi, othci, up to tho a\me i^am, gi\cs the puiod ot itv 
olulion, n\ (,130 we collect foi tho \aiiou9 changes whieli 
niaj tiku phce fiom one nodo pa-iSigo to the iictt 'ihii, 
ho«e\ci, m tho ciso of a planet hko Jupiter, whoTO 
orhittl plane ncady eomoides with tho ccliptii, hieoinc* 
dillicult as 1 raittei of olwuvation, and hcnci. soini hitlii 
method must he employed. 'Shk is best accomplished 
by observing the exact timo of opposition, or the moment 
when tho planet is 180' distant from tho sun. 

Tho interval between two such opjwsilions is called 
a syitodieal revolution, and in ease tho earth did not 



Hn^lcdbyGoOglc 



Jui'ii'Hii. 189 

move, would bo tho planet's pcviod of revolution uround 
tbo ami. These sijnodical rovolutioHS would bo all pi'C- 
cisoly cqwal on the liypothesia of circular orbits jirid 
equable motiojis. But as tho planotary orbits nro ollip- 
tieiil, ujkI hcnee the iBotioiis vftviablOj ttio synodical revo- 
luiions of any planet, as Jupiter, will vary Boniowbat 
from each other in dunition. If, however, a largo num- 
ber 1)0 counted, say, ns many as have occuri'cd m a tbou- 
eand, or even two thousand years, then a mean period ia 
deduced of great accurney. 

Tim is possible, as ivo bave tbe oppositions of the old 
planets, i-ccordcd by the anoieuta witli Huiiicieut |)rceision 
to bo employed in such a discussion. 

'L'o derive the sidereal revolution fi'om tlie synod'wal 
we have only to consider that tlio two bodies set out from 
tho fwime riglit iino. Tlic ctrtli's velocity is ktiown ; t!io 
time required for tho earth to overtake the phtiiet is 
known (tbe synodical revolution). 'I'bo velocity or rafo 
of the planet'3 motion is retjuired. This is readily found 
by siniple proportion, 'i'ako the following oxaniplo. In 
ft mean Bolar day tbe earth travels in its orbit O^.QSSO. 
A ineun synodical revolution of Jupiter is obsorvetl to bo 
equal to 398.8G7 aolar days. But the earth performs 
its revolution, and comes again to tho starting point in 
865.280 days, and then nuisl; travel for 898.867- - 
8G5.256r.=88.611 days before overtaking Jupiter, But 
in 38.61 1 days, at tho rato of 0''.9856 per dioni, tho 
Oiirtli will travel about 83'*.9'28, and this ia tho whole 
distaneo niudo by Jupiter in 398.867 daya. Ilcneo, his 
i-ato iwrdicm is, jVj.VV-j=4'99^4'59".2, and at this 

"4.332d. Mh. 



Hn^lcdbyGoOglc 



J40 J w i" )^ 'L' y- « ■ 

Km., wliieh is tlio limo occtipicd !>y Jiipitcf in peiformiiig 
hk revolution iivouud the sun. 

These methods of investigation, ■wtiich are perfectly 
simple, were employed by the ancients, and m&X even by 
Copernicus, Kepler, and others, and furnished the ap- 
proximate values of the periods and diatuncea employed 
in the rescarclics of Koplcr, whereby he discovered his 
celebrated laws. 

PiivsiCAi. CONSTITUTION 01' JOPiTBU. — When owimiiicd 
with iioweiful telescopes tlio surface of Jupiter is found to 
bo diversified with shades of gi'oater or less dcptlt, forming 
parallel bands or bclta, especially about the cciualor of tho 
pkuet. 

Upon thoao belts well-defined brciilis, irregularities, 
and spots are disccinctl, by meauB of which it ia dis- 
covered that the face of Jupiter, visible at any {;iven time, 
is completely hidden by rotation on an axis, ft now &co 
appearing at tlie end of a littlo less than five hours. 
This gives a period of axical i-o(ation of 9h. Sfim. 49.78., 
iis the result of investigations similar to thono employed 
in dolcniiining tho period of rotation of Mitra. 

AY hen the apparent diameter of Jupiter is accurately 
measured, and his distance is taken into consideration, 
wo find bis actual diameter to bo nearly 90,000 miles, 
and hU voluma to bo cquul to tliat of 1,281 globes such 
m our earth. 

Tho dark hclta which encircle tbo equatorial rcijions of 
tho planet, and which revolve \vith the globe, show thaf; 
tho axis of rotation is very ncfirly perpendicitiar to llio 
plane of tho orbit. 

Thus wo have a planet twelve hundral and eij;lity- 
ono times larger than our earth, rotating on on axis, but 
Uttlo inelincti to tho plane of iis orbit, in less than ten lioara 
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of time, imd sweeping round tho s«h in a1)o«t twelve of our 
yeara, at a mean ()is6ance of about 485 millions of milea. 
Tiio streaks and diirk shades whieli distinguish tlic 
equatorial region of Jupiter arc hy many considered to 
lie liclts of clouds floating in the atmosphere of tho 
planet, thus indicating the existoncc of all tlio great ele- 
nienl» which distinguish tho earth. In consequcnco of 
tlio fact that tlio axis of .Tupiter 13 very nearly perpen- 
dicular to llio phine of the orbit, tlio sun will always 
pour his rays vcrtiealjy on tho equator of the planot. 
constituting one perpetual sunmior in all part-s of tlic 
glohc. In case light and heat arc governed by the aamo 
laws whioh hold on tho earth, tho inliabitiinta of Jupiter 
will receive fcom tlio sun only one twenty-seventh part 
m much light and heat as falls on tho cartli. What mo- 
difications of heat may bo effected by tho extensive atmos- 
phere which nppcai-3 to surround Jupiter it is impos- 
Biblo to conjecture. Wo may suppose, without roJlcction, 
that a world would be only dimly illumined whose sun 
was reduced to one twenty-sovcnth part of tliat which 
lighta our earth. This, however, is not the case, as any 
one will credit who liaa over witnessed tlie flood of light 
poured forth from the smallest [lortion of the sun's disk 
in emerging from total eclipse. The anwunt of light 
which falls on Jupiter far exceeds that which is poured 
upon tho earth on a moderately cloudy day. 

When wo measure rigorously with the micrometer the 
figure of Jupiter's disk, wo find a marked deviation from 
the circular outline. This is analogous to tho flgui-es of 
tho earth and Mara, and indeed tho same pjcaliarity (of 
whioh a satisfsMStory account will be given hereafter) dia- 
thiguishKi all tho planets. In Jupiter tho equatorial diam- 
oter exceeds the polar hy more than sh- IkoHsand miles. 
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Wo aveiinlclitcd to tlie tclcaeopo for Uic revelation of 
Hio liiglily infevosting fiict tliat Jujiiter k attended !)y no 
lc'M3 than four moons or satcllitea, nearly all of them 
larger tbitn our own niix>n. These satellites were dis- 
covered by Galileo in 1610, soon after ho had finiahcd 
Ilia second tolcscopo, which, tis ho tells us, cost liirn in- 
erediblo paiiia, and wliich bore a magnifying powov of 
alwiit thirty times. The discovery of these moons of 
Jupiter may bo regarded ns among tlic most important 
losulta of the application of the telesco|)o, if we tulio inlo 
account the tlien existing condition of asti-onomical 
science, 'i'lie scientific world ivas just in a transition 
sfnto. The most lioncst, intelligent, and powerful minds 
had already adopted the C'opernicun (hcory, but iu tho 
univoi'sitics and other schoola of science, as woll its in tho 
church, tho sysicm of I'tolcnty still i-cekoneil among its 
supporters a host of learned and dignified men. I'ho 
beautiful nntiiaturc of tlic solar system presented in 
Jnpilor and his moons, as given by Copernicus, could 
not fail to cxort a, most powerful infiucncc ovor all candid 
nnd unprejudiced miTids. Hci-c was presented to the eyo 
a central orb and about it a scheme of dependent worlds 
revolving in circular orbita, and with such elegant sim- 
plicity as to shame the onmbrous complexity which dis- 
tinguislicd the opicyclical theory of the old Greek school. 
It is not at all surprising that Galileo, the discoverer of 
this beautiful system, should have become ono of the 
most ardent Kupportcrs of tho doctrines of Copornieus. 

'I'licso satellita* of Jupilcr revolvo in orbit,^ whose 
planes are nearly coincident with the equator of (heir 
primary. The exterior, or moat distant of the four, 
revolvKi in an orbit Bomewliat inclined to the plane of 
Jupiter's ec[«ator, but the throe inner satellites, at every 

Hn^lcdbyGoOglc 



jui'i'fKi:. US 

rovoliiiion, oelipso tlio sun to t!io inlmbitanta of Jupiter, 
mill iirc themselves eclipsed in passing tlirougli the shadow 
of tlieir [iriioary. Tlio same pliases wliich mark Iho 
rcvolutioii of o\ir moon are also exlii1)iteit by Jupilei-'s 
niOOHS, aiiil the periods of i-evolution of tlirco of tlie satel- 
lites ai-o KO adjusted ttiat one of tlicm must bo full when 
tlio otlicr two are new. 

The iiocliivnal ]ieavenSj as seen from this grand orb, 
must l>o inexpressibly ningniiiccnt. Besides tho samo 
gUltoring ooiistcllations which aro seen from earth, the 
sky of Jupiter may be adorned with no leas than fonr 
moons, with their diverse phases, some waxing or waning, 
some just vising or setting, some possibly just entering 
into or emerging from colipso. 

'I'lic whole of this splendid celestial exhibition, sweep- 
ing uerosa the heavens, rising, culniinatinK, and setting, 
in le^s than five liosti-s of our time. Such nro tho scones 
witrioascd by the inhabitants of Jnpiior, if suoli tlicm bo. 

I'llK SAiTKLiTEs OF JUPITBK.- -As already stated, 
theao tributary worlds wero discovered by Galileo in 
1610. On tho evening of January tho 8tb, of that year, 
having eonsplctcd bis second telescope, ea[mblo of bearing 
a magnifying power of thirty times, he went to his garden 
to lest its tuiality by an examination of Jupiter. ISfear 
tbo planet be noticed thi-ec small stars, nearly in a straight 
line, passing throiigli tho center of Jupiter. IIo sup- 
posed tiiem to bo fixctl slara, but carefully noted tkiir 
poitions with reference to Jupiter and to each other. 
On the following niglit, ho remarked that thoro, was a 
manifest change in tho velattvo places of these stars and 
tho planet which could hardly bo accounted for by the 
motion of Jupiter in bis orbit. 

(Jalileo began to suspect the true nuiurc of tho stars 
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which bad attracted hia attention, and eeeing clearly tlio 
iitiineiiso iinport.nnco of such a discovery, awaited witli 
great Impatience tlio coming of the next evening to con- 
firm his eonjcettirea. Clouds, however, coming up ditt- 
appointcd hia hopes, and it waa not until tho evening of 
tho 1-tth that he i\a^ again povmitted to direct liis telc- 
Kcojic to tlio pkuct, ^\llcn lie fouudj to hia great deliglit, 
not only tlio thiee Blara, utill in clnso proximity to the 
planet, but he a,]m detected ft fourth one, whose appear- 
ance and position wore such tliut ho announced at onco 
the discovery of four moons icscmbling our own, and le- 
volving about tho planet Jupiter as their central orl>, 

'J'liia announcement created the greatest excitement in 
the astronomical ivorld. Ila eftect on the old theory of 
astronomy waa at once pci-ceivcd, and tho disciples of 
rtolemy determined that they would never believe in tho 
cxiatencc of any sucli ])KstiIent worlds. Some of them 
actually refused to do so much as look through the tube 
of Galileo, declaring tlio whole waa a deception, and un- 
worthy the attention of a true philo-sopher. 

'J'hc discovery waa not tho losa i"eal bcenuao ita truth 
was denied, and to this im|)oi-tant addition to tho hoiliea 
which constituto our system modern science is indebted 
for some of ita moat elegant discoveries. 

'I'hc great distance at which wo are compelled to exam- 
ine tlii;,so bodies hna rendered it difficult to obtain, even 
witli oiir most delicate instrumenta, satiafiictory measui'ea 
of the diameters of th^e satellites. Approximate mcaa- 
urcB have been obtained from which wo leavn that the 
nearest satellite haa a diameter of about 2,500 miles, tlio 
second, 2,068; tho third, 2,377; the fourth, 2,800 
miloa. We name lisum in the order of tlioir diaUmcea 
from the pvinuivy. 
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By careful measiu'cs of tUo ehitf/nitonx, or greaitsfc 
distances to iviiicU these ijodies recede from tlicir primiiry, 
tlio jnagiiitiido and form of their orbita have been woll 
detennined. The first satellite is thus found to revolvo 
rOMiid Jupiter ht an orhit nearly circular, whoso diameter 
ia 2{)0,000 niiica, in a perio<I of U. 1.8h. 28ni. Tlio 
plaTio on wliieh the orbit lies is inclined to the phinc of 
Jupiter's orbit, under an angle of 3" 05' BO", or less, by 
nearly one-half, than the angle made by the moon's orbit 
■with that of the earth. 'I'hc BinHllnoss of this angle, 
the nearncBS of the antellife to its primary, the immense 
inagnilude of the primary and the distance from the sun, 
cumhinc to produce an eclipse of tlie first satellite at 
every revolution, while, in like manner, an celipso of 
the sun takes place quite as frequently, from the fact tliat 
tlio shadow of the satellite fiilla on llio planet al every 
conjunction of the satellite with tlio sun. 'rhcse (.iate- 
raonta are not mere coiyceturea. They are verificil by 
the telescope, for these eclipses of tho S'ltellife snid the 
shado;y» east on tlie primary are dislinully seen fiom tho 
earth, and furnisli the data whereby tho periods of revo- 
lution are determined with great precision. IVhen Jupi- 
ter ia in opposition it often occui-a that tho aotcllitc when 
on the hither side of the primary, ia scon projected on tho 
disk of the planet as a round briy/ti sjKJt, wliilo tho 
shadow of the same body nniy he seen in close proximity 
as 11 i«und bluclc spot. Any eye, situated within tho 
limits of (his shadow, will witness an eclipse of tho stni 
precisely such as is produced on eiirth by tho shadow of 
the moon. 1'he pssago of the ratellito aerops tlic disk 
of Jupiter is called a //v/wsiy. Krom this position the 
moon of Jnpitor i-evolvcs i-onnd half its orbit, and then by 
ricGes.-!ity passes across the cone of shadow cast by tlio 
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primary in a ilirectioii opposite Uic sun. Hero we bo- 
lioKl an cclipao of tlie secondary, as its light is extin- 
guished oil entering the siiftdow, and is only i-cguined 
after passing beyond tUo limits of tho shadow, thus du- 
monstvating beyond a doubt tlie fact that, like our moon, 
these sccondarios of Jupiter shine only by reilccling tho 
liglu of tho Sim. 

\.n case Jupiter ivcro at rest, it ia ovidcnt tliat tho oI>- 
ficrvations of thoac ecHjiscs ivouW give tho exact period 
of revolution of tho satellite, wliicli would be prcoiscly 
tlio interval from one celipso to (ho next. The fact tliat 
the earth is in motion would not affect the time of recur- 
rence of tho eclipao, for tliis would be entirely indcpond- 
ont of tliO place of the spectator, provided he sees t!io 
disapijcarance of the satellite at the moment its light is 
extinguished. It is niaiiifust that the motion of Jupiter 
in his orbit will change the position of the axis of tlio 
shadow, and m the satellite i-evolves in tlio aamo direc- 
tion in which the shadow advances, it is clcor that tho 
time from one eclipse to tbo next is longer than tlio truo 
period of revolution of the satellite, by a t|uantity eiisily 
computed from the known oibital velocity of tho planet, 
BS may bo seen from tho figure below, whore — 
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a ia tlic suu's place, Ej tlio earth, J, Jupitor in op})03i- 
lion, M, llic sittcUito in cclipso. At llio entl of ono 
exact revolwtioii of t!ic satoliitc, Jupiter has reached J"', 
tho SiitcDito is at M', but the axis of shadow ia now J' M", 
nnd the center of tlic cclipso ^viH not occur until (ho 
satellite reaches M", passing over tho anglo M" J' M'. 
This angle is precisely equal to tlio nngular motion from 
cclipso to eclipse, a quantity easily deteriniiicd. !l'ho 
eatcllite will then revolve 8G0'^, -|- tho angle J S J', or 
M' J' M", in the interval from one ecHpso to tho next, 
hence lliG rate per hour hccomes knoivnj and gives at onco 
tliC period of revolution. 

Galileo devoted himself for many years to n careful 
ohservation of the eclipses of Jupiter's moou3, and flTially 
constructed tables whereby these eclipses might ho pre- 
dicted with tolerable precision. His successors devotcfl 
mucli time to the same subject, for a reason wo will give 
Jioi-oaftor. Tiong study of these phenomena revealed tho 
curious fact that tho interval from one eclipse to tlio ne.xt 
did not fulfil tlio prediction based on the foregoing reason- 
ing, 'I'ho place of tho earth seemed in some mysterious 
way connected with tho time at which the eclipse occur- 
red, 'I'ius may to somo appear very reasonable, but, in 
fact, on the hypothcsia that at tho moment of the extinc- 
tion of a luminous object it ceases to be visible, tho place 
of the earth in its orbit or the position of tho obaorvfir 
could in no way aft'ect the moment of the satellito's dis- 
RI)|)earancc by entering the shadow of its primary. This 
will become siauifcst from a very simple ilhistration. 
Suppose the ])erson3 in a largo circular liiill to be ganing 
on the light of a taper, and tho taper is suddenly extin- 
guished by being blown ont, every observer will certainly 
1(H0 the light at the same absolute moment, admitting 
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tlio fact tliat the liglit dies at iho instant of extinction to 
every eye. JjCt us apply tliis illustration to tlio eclipses 
of Jupiter's moons. They lire only soon when the aun- 
liglit fttlls on them. Cut off from them tho sunlight by 
oiitci'ing the sbadow of the primary, and tulmilting this 
entrance to bo instimtaiieoiiSj every eye everywhere should 
lose tho light at the aame moment of absolute tinio. 

The earth's position in its orbit ought, therefore, to 
have no effect on (ho time of tho eolipKc, and yet it bc- 
eamo clearly manife.st that tho earth's place ivas in some 
way counoetcd with certain irregularities in tho intervals 
of those remote cclipHca. This matter will be best illus- 
trated from the figure holow, in which B represents 



tlio aun, E E' E" E''' the earth's orbit, J Jupiter, 
and S the satellite. It was found that when tho 
earth was at E, or nearest to Jupiter, the interval from 
eclipse to eclipse grow longer as tho earth receded fi-oni 
Jupiter. At W tho interval was at a maximum. It 
now diminished by slow degrcca, becoming nearly station- 
ary at E", then growing sUorterj reached a nunimum at 
E'", after which a slow inoreaso was noticed up to 10, 
and so on in every revolution of the earlh in its orbit. 
Due account, of eoursoj must be taken of tho orhitol 
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movement of Jxipitor. In caso tho sUuicnt ia ignorant of 
tho oxplunation of thcao vawntions in tlio synodical mvo- 
lutioiia of tho moons of Jupiter, lio may test Iiis own 
powers of (Uscovcry by a, elo30 examination of tlio facts 
33 above presented. Ail tho saloUitcs gave evitlencc of 
tlio same facts, and the irrognlai-ities wero found to follow 
in thesimo oixlci leiehmg thou mavnna inmnna and 
stutionaiy poHils it tlio iimo tune oi ftliut tho iiith 
witi it tbo bimo point of ifi oibit 

Moio ihan fifty yms pissal invty without j hiIh 
fictoiy exphttntion of tiio facts and phcuoni, i 1 m, ic 
c ukd when in lb75 Ilocnici n s it li.ii(:,tli eucct^sinl 
m 1 hii ^ tho 1 i}-.toiy lud found it duo to (he ptojia 
jyt mo/tan oj htjht whioli up to tliH time hid brcn con 
sidcicd by all jjliilosophera i3 insl mtancous in lU tfti,ct!j 
that IS if a lunnnoua boily ■nctc cntltl dl ejts, la 
nntlu how lemotUy pi itcd would sco tho lijit at tho 
S iiuo moment of time As the vol icily of ii lit, deduced 
fioin thcfO iinestyitioni i9 so cnoimom no Icbs than 
192 000 miles in one stL nd wo will citci into tho 
cvphnatKii some wl it m nutdy fcuppos i liiminoiw 
hodj as in tho (i^uio lelow it S suddenly to bo t\ 
tmymU! tU li mrlliJtfbiM fi n U l 1 ij h 

%■? A ii 

at once cut of, ind ulieii tho hat piitu los oi vn\ \ I'-it-i 
a speetatii ut A at tint moment ho will maik Ihi, ti 
tmUion of the lijif winlo to tlo ip tat^i at I! tlm 
icilly <.\iin(,t lui tinuus bolj will uinun \i il I mild El i. 
list piiti i -i of tlie HtKim of 111 h ht p.Tw ]{ u 1 tlun 
thi Hodj \ nnhcs to tho spe t it n it IJ Suppo-o tl i, 
hoiiy to thm distppen pciiodicidly A and B will while 
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tlicy remain stationary, noto tlio intcrvala fi-ora one dis- 
nppeavanco to tJio next to ha precisely cq«a1, and tlio in- 
tcvTOl, aa obscrveil by A, though heijinning at an earlier 
alMolute moniout of time, will bo ctj^ual to iho jntorval, 
as olBorvecl at B. Lot us now suppose, that aftor a dis- 
appeavanco, and liefore the next, A removca to E, it is 
nianilcst that the duration or period whoso beginning was 
observed at A, but whoso ending was noted at B, will bo 
longer than it was before by an amount of time required 
for the Htrcam of light to pass from A to It, The reverse 
would bo true if II changed his position to A, 

These principles are precisely applicable to the case 
under consideration, tf the cartli's orbit were a straight 
line, with a length equal to AB, the conditions would bo 
identical. 'J'lie nearly circular figure of the earth's orbit 
produces the variations already noticctl. When the earth 
is rapidly receding from the source of light, the dura- 
tion of the synoiiical revolution of Jupiter'a moon will bo 
jiioreased by the time required for the liglit to pass over 
the spaco traversed by the earth during the synodic rev- 
olution. This period amouiita to some seventeen daj^ 
for the fourth satellite. But the earth travels some 
68,000 miles an liour, or in seventeen days nearly thirty 
millions of miles, so that tlio synodieal revolution, when 
longest, will c.fcoed the same period when shortest by an 
amount Gt|unl to the double time required by light to 
(ravel S0,000,000 of miles. This difference between tho 
maximum and minimum synodie periods, proved to bo 
aliout live minutes, and lieneo it became evident that 
light must fly at the into of sixty millions of miles in fivo 
minutes or 12,000,000 miles in ono minuto or 102,000 
miles per second, 

Should this result appear incredible wo Blinll iiwd 
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hereafter abimdant coiifirraation of its tfutU by a imin 
of reasoning nnd plictioniena entivcly distinct from what 
have juat been given. 

In case light travels with a finite velocity wo cannot 
fail to perceive that this fact will introduce important 
modifiCiitions in all observations designed to fix the pUicca 
of tho heavenly bodies at a given moment of time. Sinco 
the earth is sweeping throiigli space with groat velocity 
oven this faet will praducc a ceriaiii displaconient in tho 
apiKU'cnt place of a fixetl luminous hotly. AVbcii tho 
hotly under observation is in motion, tho velocity of light 
being finite, it is clear that the light which falls on tho 
eye of tho s|)ectator, and whicli enables bim to aee tho 
object, is not tlio light omitted at tho moment the object 
is seen. Thus, the planet Jupiter is distant from tho 
earth, say, 4B0 millions of miles. 'I'o ti-avel this distinico 
his light miist oceupy ho less than forty minutes, during 
which time Jupiter has advanced in bis orbit about one- 
thiixl of his own diameter. During the same time tho 
earth has traveled in its orbit a certain distance nearer to 
or furtlier from Jiiplter, which must bo taken into account 
in our ciTort to fix the alraoluto jwwition of tho planet's 
center at a given moment. This subject will ho resumed 
when wo eomo to consider tho moans and instruments em- 
ployed in astronomical observation. 

Tho Batollitcs of Jupiter have furnished, in their eclipses, 
the earliest method of resolving tho great problem of 

I'liiumsTiaAL LONOiTUDK.— The position of any place 
on the earth's surfece J3 determined by fixing its distaneo 
from tho etiuator of tho earth, north or south, called tho 
latitude, and also its distance «tst or west of any given 
meridian lino, called tho lomjUudc. The fii-at of theso 
elomonta Js very readily determined. In easo a place ia 
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Bituuted on tbe cquafor, its liilituilo k mvo, and to any 
spectator at tliis pkco, as wo Itavo already sliowii, Uio 
poles of iho cavtii and Jioavona will lie on tlio horinon. 
Leaving tlio equator and traveling duo noi-Ui along a 
meridian lino, for every degi-co wo go north it is evident 
tlio jKilc of the tieavoim will riac one degree above llio 
horizon; andwiion wo reach the norlli polo of tlic cartli, 
tlie north polo of ttic heavens will ho on the Koiiitli, or 
ninety degrees alxn'c l!io liorizon. 

Tims it appears tliat the hilitude of any jilace k eipT^il 
to Ihe clcvalion of the pole abauc the horizon of the 
p/acc, and to fix the lutitudo wo liavc only to measure lliia 
angle of elevation with ii auitaljlo instrument, and spply 
certain corrcctionSj to bo hereafter explained, 'i'lie pro- 
blem of the loiiyhmh does not admit of so easy a solu- 
iion. To determine accurately longitude ut aea ia a mat- 
ter of tlie highest im|jorfanco to comniereo ami navigation, 
a problem for ivliosc Eohition iniiritinio nations have in 
motlern times oiTcred largo rewards. The Kafety of o. 
vessel, its crew and cargo, depends on learning by soiiio 
method its exaet position on tlio snrfaco of the ocean, 
wliero there are no permanent objects on our globe to 
mark its place ; and it is only from tlio celestial sphero 
that it becomes jKSsiblo to select fixed objects which may 
reveal to tlie mariner tbe dangci-a by which bo is sur- 
rounded. 

The latitude, na wo have seen, ia readily ohlained; 
not so the longitude, which had, tip to time of (inlileo, 
been re^vded aa almost an imjxissiblc problem at mfs. 
Tho gi'cat Florentine a.stronomer saw hi the ecIipscH of 
the moons of Jnpifer tho means of solving this iiiglily 
important prahicm, and to this end ho devottwi many 
yeara to most diligent and ctireful observation of these 
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eclipses, with a view to be able to predict their coming, 
months or even years in advance. We will now explain 
how these predicted eclipses of Jupiter's satellites, con- 
joined with their actual observation, may be employed 
in the determination of terrestrial longitude. 

As the earth rotates on its axis with uniform velocity, 
the S60 degrees of the earth's equator are fairly repre- 
sented by twenty-four hours of time. Thus an hour of 
time is equal to 15° of longitude, a minute of time is 
equal to 4' of longitude, a second of time is equal to 4" 
of longitude. The difference of longitude, then, of any 
two places on the earth's surface is nothing more than 
the difference of local time, for a mean time solar clock 
marks Oh. 00m. 00s. when the center of an imaginary 
sun, moving with the mean or average velocity of the 
true sun, reaches the meridian of the place in question. 
A place west ai the first one will have the center of the 
mean sun on its meridian later by an amount of time 
equal to the exact difference of longitude. It is clear, 
then, that if any phenomenon, such as the sudden extinc- 
tion of a fixed star, could be noted by two observers in 
different places, each will record the moment of disap- 
pearance in his own local time, and an intor-comparison 
of these records will give at once the difference of longi- 
tude between the two stations. 

Suppose it were possible to predict that the bright 
star Vega, in the constellation of the Lyre, would sud- 
denly disappear on tiie first day of January, 1870, at 
Oh. 00m. OOs. mean time at Greenwich, England, this 
fact being known and published, vessels at sea on long 
voya.ges, in all parts of the globe, having the star above 
their horizon, by watching for this phenomenon, and by 
noting lie moment of disappearance in their local time, 
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ivould (Icteiiiiiiio titcir loii;;itu(lo fi^m Grwiiwiith. All 
oljscrvcra roeortUng tlio ilmppoiei'Hiico betbro tins pre- 
dicted time would ho in cast longilmlc, wliilo tlivso ro- 
conling tiie sauio phenomcnoji htlcr than the predicted 
time would be in west lodgitudo, and aa many hours, 
minutes and seconds weat aa wan indicated hy tlioiv local 
time. 

Now, at KCftj very »imp]o methods, as ivo sliall show 
lioreiiftcr, may be eni])loyed to obtain the local time, and 
tliua, wore it ]jassiblo to pvcdictanmltiludo of such plicii- 
omona as above reeorded occxiri-iiig every day or two, 
for years in advance, seamen on long voyages, pravidin" 
thcrasclvea with tlieso predictions, would have the moans 
of fixing their longitude aa often as any one of those pre- 
dicted phonoincna could be observed. 

Tho eclijBca of the moona of Jupiter nro prociacly like 
tlio ithenomcnou of tho sndden extinction of a star. Aa 
theso moons shine only by reflected light, the moment 
tlioy enter the t^hadovi of their primary they vanish from 
tlio sight, or arc, to all intents and purposes, extin- 
guished ; and as these eclipses are constanily recnrrinj; 
at very short intervals, (lalileo saw at oiiec the use to 
which they might be devoted in tho resolution of this 
great problem of (errosti-iiil lotiffitiide. 

]5oforo tiicy could he thus used it hccamo necessary 
to master completely their laws, so that the moment of 
celi|i30 might be accurately predicted ycara in advance. 
Though tho Tuscan philo:iop!ier did not live long cnoiigh 
to jK'rfeet and apply liis great discovery, his succc«ors In 
uiudern times have fully carried out and applied ivliisi; 
was so adndmbly conceived and so carerully coni- 
menccd. 

An attentive exumination uf tho hutiitRwity of Jupi- 
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tcr's iuoona reveala tho curioua fact that it ia vurktble, 
incrciising ami decreasing at rcj;ukr intorvak, e(i«yl lo 
tlio poriwls of revolution in tlicir orbitfl, wlicuco it fias 
bec« inferred by Sir William Hcrsciiol ant! otiiers that 
each of these satellites i-otatC3 (like our uioon) upon an 
axis in tlio oxi\ot time in which it revolves about tho 
jjrimary. 
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Wt now reach, in om oulwiid ]Oinnc} flora tin, ami, 
tlio mo-it <iisl tilt isoikl knoivn to tin, incionts, io%ohmg 
in in orbit of \ist iiiiyiitmlo uml in a puiod nciily 
thiif) timei yeitor thin tint of om caitli &utuin, on 
jiccoimt of ]m niiiaciiso dRtaiioo, shnies luth a fnmter 
light thin cither of tho ohl phncts though still a con- 
s|nciiou9 object iniong the h\(,d itu-i Ifa li^lit m re 
inaikably steady, >uthout tin "iontilhtions whiJi (lis 
fin^iuih th(, 'itw-i md the hiilliunt laic whii h is nhown 
by Venus indJupiter Ihcio is a jUltiu'ih oi foldm 
huo to this plmet ttlnch n njt lo*t when seen throiyU 
tho most poweifiii toleacopes 

Such 13 the planet Saturn as known to tho old astronO" 
uiera, and as seen by the unaided vision. Tta movoniont 
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among the fixed atars ia distinguished by the sa.me phea- 
omena which we have found to exist among all the plan- 
ets. Being the most remote of all the old aatelliteB of 
the BUD, its stations are the beat defined, its arc of retro- 
gradation the shortest, and the period employed in this 
retrograde movement ia longest. From observations 
made during opposition, and by trains of reasoning iden- 
tical with those laid down in our examination of Jupi- 
ter, the periodic time and mean distance of Saturn are 
concluded. 

Owing to The very slow motion of this planet in its 
orbit, the earth will pass between it and the sun, or bring 
it into opposition, in a little over 378 days ; that is, Saturn 
and the earth starting from the same straight hne, pass- 
ing through the sun, the earth makes its revolution, 
comes up to the starting point, and then overtakes 
Saturn in about twelve days and three-quarters. The 
earth's period must then be to that of Saturn as twelve 
days and three-quarters is to 378, or as one to thirty, 
roughly. 

This determination is a matter of such simplicity that 
any one, almost without instruments, may make the ob- 
servations which give the data for the computation. The 
oppraition is observed when Saturn is 180" from the sun, 
and we have only to count the days from one opp(«ition 
to the next to obtain the synodical revolution. 

Such were the few facts known to astronomy touching 
this distant orb prior to the discovery of the telescope. 
The immense multiplication and extension of human 
vision effected by the invention and improvement of that 
instrument ia in no case more signally displayed than in 
the successive revelations which have been made in the 
physical constitution of Saturn, and the extraOKlinary 
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appondn^ and Bulieme of ilqifiuk-iil uuilih now liTuiwii 
to revolve around liiui. 

In 1610, the yunr in wliwh Oidileo first apiilicil tlio 
tcIcsco|» to an examination of the celestial orba—tlio 
ycnr in which iio announced the discovery of Jitpitor'a 
moons- -an examination of yiitnrn roswUcd in the sirnngo 
and inionialoiis discovery tliat liis disk was not cimular, 
like all the other planets, but elongated, as though two 
smaller planets overlaid a larger central one extending 
somewhat to tlio right and loft of the center. ThiH re- 
inarkal>]o figure Galileo announced to hia" astrononncal 
conleniporaries under t!io form of a puuzlo produced by 
a transijosition of the Latin sentence— 

" AltJHfiimum planotam torgeuimum obscrvavi," 

" I have observed t!ie most distant of all the planed 
to bo triple." 

Tliis mode of presenting the diaeovcry was adoptotl by 
the t'lorcntino astranomcr to establish hia priority, as 
many of iiis great discoveries were claimed by some of, 
liis opponents, while the truth of all waa moat obstinately 
di'ipiited by others. It waa urged, oven in tho case of 
.Ju|iiter'3 moons, that these wore mei-e illusions, Uio off- 
spring of the heated imagination of the ambitious philoso- 
pher, and that other eyes could never verify these pre- 
tended discoveries. We can readily imagine what must 
have been the feeling* of Galileo when, not many monfha 
after the ilisMvevy of tho triple oliaraeter of Raturn, ho 
uaa conyxjlled to aeknowledgo that, oven as seen through 
his most powerful tel^cope, tho planet was exactly nir- 
cular, with an ontlino as sharp and perfect as that of 
Jnjiiter. He cxelaiins, " Can it he passible some di-mon 
liiiH mocUcd me !" He (lid not livo to explain this ro- 
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markablo ehango, but ho saw the triple forai nsitoi-eil, 
ami (liacovcred tltcfio |>criodical transmutations of figure. 

Fifty yeaRj !at«r, in 1C59, Hu/gons, with looro jiower- 
ful tel(»coi)cs, discovered tho tvuo iigurc of Saturn, and 
fojiud tho triple form scou by Galileo to bo produced 
by tiic fiiot that tho round planet was cncii-cled by a 
bi jad Iht 1 ug ot nuiiiLn-iO diameter, and so situated 
tint ilio fajct toi on tlio cuth can iiovor sec it in a 
diiection peipondiculai to ifs piano, llcnco, although 
uii^Hlai n\ foim tho diicctioii of tho visual ray gives it 
m ovil 01 elliptic il fi^uro lluygens distinctly per 
ccntil tbi- hiK ■^i n-i intcivcning between the boily of tlio 
IJiiitt md til 1111^ iiglit intl left, which had pscupwl 
the cjc ot ililco •\\\X[\ \ less perfect tcleacopo. Ilcncc, 
tho 1 biontinc n-,tionomoi only saw the planet olongitted, 
iiid pionounced it tiipk Iluygons explained tho niys- 
tmom thango of figuio \\hicb liatl so perplexed Galileo, 
md iound it duo to the fict tliut the ring ia cxlvoincly 
thin, •■o tliin, indeed tint iihen tho earth elinnces to liohl 
I id lu. buoh til tt till, pi luc of iho ring pi-oduecd piisscii 
througli tho mth -ind tho iiiig cornea to bo presented to 
tho spectator edgewwo, not even tho tclcscopo of Huygena 
could (Iibeem the fihio of light presented by tlio rim, or 
cireumfei-encc of tlic ring, when thus located, and to them 
the disappearance was complete, leaving Die planet round, 
clear, and well-defined. 

Xn IliGG, what had hitherto been rcgiii-ded as ono 
broad, flat ring, waa observed to be divided into lim por- 
tionn by a dark line, wliicb, under favorablo dreiim- 
stanees, was traced entii-ely round the ring. Tiiis dis- 
covery was confirmed hy ihc cider Cassini, in 1675, who 
also discovered the unc(|ual brilliancy of tho two iings, 
tho outer one being tlio brighter. Ho also was tho firat 
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to iiiiiiouncc tlio oxiritciico of a dark stripe or l>oH sur- 
lomuiing tlio equator of the planet. Otlior discoveries, 
Kuoli its iidditionul bolts, llio sliaiiow of the planet on tlio 
ring, tlio slmdow of the rinj; on the planet, were sueeea- 
sivcly made, as the ])0ivci-8 of tlio telescope were improved. 
Diiriiij; l!ie preseiit century many astronoinors a«scrt tlio 
nmltiplc division of the rings of Sutnrn, nnd the evidence 
iii so conclusive, that tiie existence ofdtirk lines, conccntno 
ivitli thi) rings, (and like tlint ivliicli aovcra the tVi-o prin- 
cipal rings, cannot he denied,) thoHgli tliorc is every rea- 
son to bolicvo that these lines are only to bo seen oo- 
casioniilly. \Vith the full power of the rcfriiotor of tho 
Oineiiinati Observatory, dcrinini;; in the most beautiful 
manner all the other delicate characteristics of Saturn 
and liis rings, I have never been able to perceive any 
trace of any other than the principal division, 

'I'iio bright and dark belts and certiin spots, wliicH 
niiirk both the Burfaee of the planet and the ring, have 
furnished tho means of fixing the period of ratation of 
the pliuiel on ita axis at lOli. 20m. IG.Ss., while tho ring 
revolves on an axis nearly coincident with that of tho 
planet in lOh. 32m. 15s. 

If we rellcct on the struettirc and po.'iition of Saturn's 
rings, tbo phenomena attending its disappearance and 
reappearance become readily explicable. The pkne of 
the ring pro(luecd indefinitely, intei-sccEs the plane of tlio 
earth's orbit in a alraiglit line. This is called the line 
of nodes of the ring. This line of nodes, reimiining 
nearly jrarallol to itself, will manifestly move as ibo rin^ 
moves, carrjctl with the planet in iU revolution round tho 
Bun. During one-half of Saturn's revolntion in its orbit 
the suu n-ill illumine the northern side of the rings, 
during the olher half it will shine on the isouthorn aide. 
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Tliua tho l-in;^, cavried by tliG jilanet, will finally coiiio 
into a ixwilioii siieli tliat tho autiHgiit will litll on lusitliei' 
side, but on the edge of tho ring only, and when hi this 
piwitioii it ia mRinfcst thfit the piano of the ring pumcn 
through tho sun. If, ivlicii in this position, tho earth 
cornea between Saturn and tho sun, a spectator from tho 
earth's aurfiice will behold tho ctlge of tho ring, if yisihlo 
at all, as a dclicato lino of light extending beyond tho 
disk of Hie planet, and passing through its center. 

Tho earth, moving forward in it.^ orbit fmm op|iosi- 
tion of tho planet, will pjiss through the plane of the 
ring, and upon the non-iUuiuinatcd side. A3 Salurii 
moves very slowly in compin'ison with tho eurth, while 
tho plivneof l!ie ring in sweeping from the ono side of tho 
sun to the other, tho earth jiiay paws more than once 
through the plane of tho ring, repenting, in somo Hcnso, 
tho phenomenon of diaiippearancc. As Balurn's period 
of revolution extends to nearly thirty of our yeara, during 
ono-half of this period tho inbubitants of tho earth will 
behold one side of the ring, and during tho oilier half 
thoy will look upon its opposite aurfaco. AH tho ehaiiges , 
from the greatest opening of the ring, when tho planet i» 
seen like a magnificent golden ball, engirdled by its ring 
of golden light, down to tho total disappearance of tho 
ring, require about fifteen years, 'I'hen tho rovcrso 
chang(« oeeur, and all tho phaaes and transmutations aro 
accomplished in abost thirty yeai-s, when thoy ai-o agivin 
ropratted in tlie Bamo order, 

'J'he diaappearanco of tho ring, which took place in 
1848, w^ watched by tho auHior at the Cincinnati Ob~ 
Bcrvalory with tho powerful refractor of that institution. 
A. minute (ibro of light i-omained clearly visible evert 
wiien the edge of tho ring was turned directly to tho 
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eye of the spectator. Tho deVscsoj of thia line Jar ex- 
ceeds anything ever before witnessed. When compared 
with the finest spider's web stretched across the field of 
view, the latter appeared like a cable, so greatly did it 
surpass in magnitude the filament of light presented in 
the edge of Saturn's ring. I had the pleasure of witness- 
ing the phenomena so beautifully described by Sir Wil- 
liam Herschel, the movement of the satellites along this 
line of light, " like golden beads on a wire." This is a 
consequence of the coincidence of the planes of the orbits 
of these satellites with the plane of the ring ; hence, when 
the ring is seen edgeways, these orbits will, in like man- 
ner, be seen as straight lines, coincident with the line 
under which the ring is seen. 

To add to the extraordinary constitution of this wonder- 
ful planet, another ring has recently been discovered by 
Bond, of Cambridge, and by Lassell, of Liverpool, mora 
mysterious, if possible, than those previously known. 
This ring lies between the planet and the bright ring, 
and is of a dusky hue, and only discernible in powerful 
telescopes. Its outline is the same as that of the other 
rin^, with the inner edge of the smaller of which it 
seems to unite. This estraordinary appendage is so con- 
stituted as to reflect but little light, and is sufficiently 
translucent to permit the body of tho planet to be seen 
through its substance. I have frequently examined this 
dusty ring with the Cincinnati refractor, and have some- 
times been confident that its breadth at the extremities of 
its longer axis was much greater than that which would 
be due to an elliptical figure concentric with the bright 
rings. 

Knowing, as we do, the distance of Saturn, it is easy, 
from the measures of tho diameter of his surrounding 
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ringa, to compute their absolute dimensions. The ex- 
terior diameter of the larger ring ia no less than 176,418 
miles, and its breadth is 21,146 miles. The exterior 
diameter of the second ring is 157,690 miles, leaving a 
chasm between the bright rings of 1,791 miles acri^s. 
The breadth of the second ring ia 34,351 miles, and the 
interval between the planet and tbia ring ia 19,090. 
miles. The thickness of the rings ia a matter of con- 
jecture, as it is too minute a quantity to be obtained by 
any means of measurement at present within our reach. 
Sir John Herschell does not believe it can exceed 250 
miles, A single second of arc, at a distance equal to Sa- 
turn, subtends nearly 5,000 miles ; so that a bright globe 
of 5,000 miles in diameter, removed to Saturn's distance, 
would be covered by the smallest spider's web stretched 
across the field of view of the eye-piece of the telescope. 
In case we admit tlie rings of Saturn to be 250 miles ia 
thickness, then, when seen edgeways, the filament of light 
seen reflected from the outer circumference is only one- 
twentieth part the diameter of the spider's web. 

We pass now to an examination of the 

Satellites of Saturn. — The largest of these satel- 
lites was discovered by Huygeus as early as 1665. i"our 
others were discovered some thirty years later by Cassini. 
Two more were added by Sir William Herschel on the 
completion and application of his grand reflector in 1789, 
while an eighth satellite was discovered by two observers. 
Bond and Lassell, on the same night (Sept^ 19th, 1848), 
the one in Cambridge, United States, the other in Liver- 
pool, England. We have thus, in addition to the anom- 
alous rings which surround Saturn, a scheme of no 
leas than eight dependent worlds, all of which revolve 
about the central orb in elliptical curves, and in periods 
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varying from tivcnty-two lioiuii to seven ty-iiino ilaya. 
ll'tiiG cok'stial scenery of Jupiter is rcndcreil inugnifieeiit 
by tliO splendor of ]iis four mooni), what muHt be tlio 
aiiiaKiiig grandeur of the nocturnal sky of Saturn, arolied 
fi'om horiKOii to iiorizon by liJs broad, luminous girdlo 
(on ivbicb the shadow of the planet, like flio dark Imnd 
of a mighty dial, ivill mark tlio liours of the night), tho 
changes, phasoa, eclipwps, the occultationn of hU numer- 
oua moons, and tho brilliant background of glittering 
constellations ivhioh gem our nocturnal sky, must alto- 
gotlicr form a display of celestial splendor of wliieli tho 
human mind can form but a faint conception. 

In consequence of the vast distance at wliich the Sa- 
turitian system is rcniovcd, and the magniluilo anil power 
of tho telascopo demandefl for its examination, wo arc 
na yet comparatively ignorant of many facta, whieli, in 
the ease of Jupiter's moons, have bceit well determined. 
It will lie reinembered that tlio moon's distance fro!ii tho 
eavfh i-i alinut 237,000 miles. Three of Satiirn'a moons 
fall far within this limit, and tho fourth is but 248,000 
miles tVoni it.s primary. The fifth ia 340,000 milea dis- 
tant; the sixth, 788,000 miles; tho seventh (latest dis- 
covered), is about 1,000,000 miles distant, wbilo tho 
cightli is removed from Saturn to a distanco of nearly 
2,1500,000 miles. 

Tho nearest of the moons, revolving at a distnnco of 
120,000 miles, cireulatcs lound the primary in abouf: 
t^senty-two hours and a half, prcsentin;; all the phases 
exhibited by our moon, in less than a thirtieth piirt of 
the time. Its disk, as seen from Saturn, will surpass 
the moon's disk in tho ratio of ten to ono. Of the five 
earliest discovered satellites, two aro readily seen ivjtli 
any good telesco|)c. 'I'ho five may now be seen by many 
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refractors and reflectors of modern construction, while 
the three smallest satellites are onlj rendered visible bj 
a few of the most powerful iostrumenfa in the world. 

We shall here close what we have to present of the 
structure of the Saturnian system. We have thus ter- 
minated the examination of all planetary bodies known 
to the ancients, and have added to these the new objects 
revealed by the telescope, inclosed by the circumscrib- 
ing orbit of Saturn. Within these limits we find all the 
phenomena known to the master minds to whom we are 
indebted for the vast extonsion of the boundaries of 
human knowledge in the solar system. 

Before we pass these old limits, ■which for bo many 
thousand years were regarded as impassable, we must 
render an account of the great discoverieSj whereby it 
became possible to achieve the crowning victories of 
human genius in the planetary regions, and to extend 
these conqurats far beyond the limits of solar influence 
into regions of space and among revolving orbs, of which 
tlie old philosophers had no conception. 
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CHAPTEK IX. 

THE LAWS OF MOTION AND QEAVITATION. 
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The discoveries thus far ma^ie among the revolving 
worlds dependent on the sun have their origin in a 
rigoroMS comparison between the actual phenomena pre- 
sented in nature and the hypothetical facta derived from 
an assumed theory, Hipparchus and Ptolemy surpassed 
their predecessors because, on careful examination, they 
discovered that the motion of the sun and moon and 
planets, not being uniform, as had been asserted and be- 
lieved, they explained this irregularity by the hypothe- 
sis of an eccentric position in the central orb, thus 
enabling them to anticipate all the anomalous movements 
]b;nown in the age in which they lived. Succeeding dis- 
coveries, adding to the complexity of the theory of eccen- 
trics and epicycles, drove Copernicus to a new center of 
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motion in the stin, nnd this }iy[)otliesii, united to llio old 
tlieory of Cjiicyclcs, ivas suflieient to liariTiodine the (ticn 
known facts of astronomy with the prciliolionfl of suieit-- 
tific men, 

lucrciisctl fiecuraey of observation, however, booh re- 
vcalcil certain uiuioubted ilisoi'opancic^ betwoon the abso- 
lute places of the lieavcnly bodies, as given by instru- 
incntiil obsci'vation, and tbeir places aa obtiiinod by 
coinpntation, and aflor cxliaustinj^ every possible cx|}o- 
diciit to restore harmony between observation and coni- 
putittion, finding it impossible, Kepler, ita we have seen, 
waseompcUcd to abandon the circular tlicory, as Coper- 
nicus before bim liad been forced to rclinquisli the geo- 
centric hypothesis. 

In all tliis long lapse of many tlionsands of yoai-s the 
biiinan iiiintl has oceupiwl itself exclusively with tiio 
great problem of framing an hypotbosia ivhich would em- 
brdce all the phenomena as presented in the lieavenB. 
It was a question as to where was the center of motion, 
not wliy it was there ; what ivas the figure of the piano 
tary orbits, not w/nj this particular figiiro existed ; /low 
the planets deviated fram a uniform velocity in their rev- 
olution round the ann, not whij tbey were accoIcmto{( 
aiu! retarded ; fww She ijcriods of revolution and ibo 
mean dislances were related, not u>h>/ thoy were tbus re- 
lated. In short, the facta and not tho causes occupied 
tbo exclusive attention of the greitt astronomci's, until tbo 
Bcieneo of facts, or formal astronomy, bad reached its 
limit, and the mindj Laying exhausted this field of in- 
vestigation, was compelled to turn its attention to cattses 
or to physical astronmmj. 

Let us review and condense tlio foots tlms far i!o" 
veloped by formal aslronomy. 
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'I'he planets revolvo af)oufc tUo aun aa tJicir common 
conlor of inotion in orbits whose figui-c is nearly, if nob 
quite, cUipHcitl. 

'i?iieir motion is not unifoi'in, but grows swiflor as tliey 
approach the aun, and loses in vclooity after passing their 
pcriliulion or nearest point to tlio sun. 

The dimensions of the planetary orbila are not itbso- 
luloly invariable. There ai-e slight fiiictuationa not to bo 
overlooked in the periodic times and moaic dii^tauccs. 

The positions of the orbits in tlioir own plane are anb- 
ject to perpetual ohiiTif;c, very slow in some of the plnnets, 
but conijiaratively rapid in tlio moon and in tlio satollitos 
of other planefa. 

The inclinations of tlic planes of the planetary orbits 
to a fi.xed plane aro also in a state of fluctuation, somo 
angles increasing while others aro diminishing. 

Tlio lines of nodes, in which tlio planes of tho orbits of 
the planets intci-scct the piano of the earth's orbit, am 
not fixed lines. They are found, on the whole, to rolro- 
gi-ade, but arc sometime"! found to adviineo in tho oi-der 
of planetary revolution. 

TMio moon exhibits anomalous movements, very marked 
and woll-defincd, and which arc evidently outsiOo of hev 
clliptie motion, rising above and superior to the general 
litw of her revolution. 

The most eoiisidorublo of tlieso lunar inequnlitiea 
amounts to 1" 20' 30", by ivliich quantity sho h niter- 
nately in advance and behind her elliptic place in her 
orbit. This motion was known to the ancients, having 
been disGovei^l by Ptolcniy, and was readily appreciable 
by the imperfect instruments employed by the (Irook as- 
tronomers. It is known as the moon's eveciion. 

A second inequality, amounting to 1°4', called tho 
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moon's variation, was diacovoi-ed by the Arabians, and 
by tlicni trnnsmitteil to posterity, showing tlio moon's 
motion accelerated in ttie (|uadi-anl3 of her orbit prccM- 
iny her conjiinctiona and oppositionSj and rcliirdcd in the 
alternate (jnadranta. 

A Ihiiil bumr inequality was called tbc aimtial cc/un~ 
Hon, a name adopted to express tlio fnet that tbo moon's 
place in }ier orbit is for half a year in advance of liov 
clliptio place, and for the other liaif year behind it. 

'J'hc line of npsidea or longer axis of t!io luniir orbit 
performs a complete revolution in the iicaveiw in ;-i2o2.'i7 
days. 

The line of iiuiic^ rcvolvi! round the hcavunii ipi 
G793.8'J ibiy:). 

'Ihe vernal tiiuinox ie also in motion, sweeping round 
tlie hcavciiB in 25.8G8 ycaiUj while the north pole of the 
liCiiYons revolves round the pole of the ecliptic in the 
same exact period. 

Add to these facts, all discovered by obscr\ii!io)i iitid 
I'clleetion, tlie grand discovery of Kepler, that the scinarcs 
of tlio periods of rovolufion are precisely pi-oportional lo 
tlio cubes of the mean distancoa of the planets, and that 
tins and (be other laws of Kepler govern the satellites, 
and wo have a fair exhibition of the great truths otform'il 
astronomy, and it is to answer ip/ii/ those phenomena 
exist that physical nafronomy hm been cultivated as a 

"IVhy docH a planet continue to revolve about the snu ? 
In case it approach the sun at all, ivhy not continue that 
approach until it be precipitated on the surface of the 
sioliir orb ? W/ii/ do Ihcse revolving bodies describe el- 
liptic orbits, ■with the sun always in the focus of every 
orbit ? Why are the deviations from elliptic motion 
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■what thoynre? and liow comes it tliat the elliptic ele- 
ments are in it utate of jierpetuiil llucUiation? AVliy do 
not tlio i>ktie(3 fiilloii t lie still, ov fly off into RpacCj or 
stop niotionlcM in their orbits ? What holds tlio eurtli to 
tbo Hun, or tlie moon to tlio earth, so that thoy never 
piirt company, nnd unitedly sweep hiirmoaiously i-ound 
the aun? What hond uiiitea all tho satellites lo their 
jn-iniariea, and all these primarica to one central orl) ? 

Do all these interrogatories admit of a sinj^lc aiiswcr, 
or shall we fmd thp3c plienoincna to spring from divei'SO 
oi'igins, anil duo to a Vitriety of cjixiscs 'I 

Jiefore it whs [wssiblo to consider any ono of lliesc 
gi-ainl pi'ohlcnis it bccanio necessary to rouonMlruct tho 
old seieiico of mechanies or meclianicivl philosophy, whieh 
was conlcmporancoua with tho (Ireok astronomy of 
Plolciny, and at the time of Kepler and Galileo exerted 
(|uilo as powerful an infhteiicc over tho human mind us 
did the tloctriiici^ of Ptolemy and Hipijarehus. iriiijpliil- 
osophy of Aristotle was taught in all the schools, sus- 
tained by the innnenso iiilluenco of j>rafossionul orgimisia- 
tion, and received with a fullness of eonfidenco antt doptli 
of submission which, so (ax from tolerating doubt, actually 
prohibited inquiry. 

As the planets aud their satellites wore borlien m mo- 
tion, no advance could be made in tlie inijuiry concern- 
ing PMUses until tlio truo nature of motion and the laws 
by which it was governed could be delenniiied, 'rhwu 
laws could only he revealed by accurate thought i\w\ uh- 
servation, and would naturally be independent of ibo 
cause producing the motion. 

The most obvious example of motion is wlierc a hn-.wy 
body is dropped vertically from any height, and Dills 
towardthcearth. Ob^icrvation tcaehes the rcelilinea! [Kith 
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of such a Ailliiig liotly, aa wolf m its tlircctiou, wliicli is 
low:irfl tiie eentcv of Uio earth. It wtts n matlor ol' ox- 
jwriment to detcrtninc ivhcthev tho velocity was uiiiforiii 
or accelerated, and if accclcvatcd, observation alone conld 
determine tlio iaw of acceleration. All this was quite in- 
dependent of tlio cause pi-odwcinj^ tho original motion, tho 
rectilineal direction, tho acceleration, and the direction 
toward llio eartJi's center. 

Aristotle had laid down ttie law of falling bodies, and 
T c t I ll at c so 1 nil f e 1 "1 weif;lit were drop- 
llittlc oetio 0} I elevations tho heavier 

I 11 oil ov tl e s f a I tl at the velooity of tho 
t 1 alls 1 11 1 cctly J opo t onal to their rcspeet- 
vo ¥0{,1 ts ft 'J c -ij ly cxpc mcnt to prove or dis- 
p'ovetl estate eta 1 1 Ico b said to liave given 
tl f -^t 1)0 cif 1 llov to tic Greek i>hilo3op!iy, hy 
&1 g 0\|)e t lly (i y 1 oj ping balls of unequal 
c g! ts f n tl e t of tl o 1 niing tower of Visa,) 

tl at tho oloc ty ol tl o 1 11 o (I c time occupied an tlio 
f It, t Ij 1 1 1 t of the wcij;ht of tho 

bill, the rosistanoe of the atmosphere bciiij; tidicn into 
account. 

31y pleasuring the space passed over by a falling body 
in ec[ual intervals of time, it beeatnc posaihio to delcr- 
niino tho law of descent, and it was thns found tltat cvoi-y 
fulling body pa.^es through, say, sixteen feet in tho llrst 
second of its fall, 'i'his is tho veloeity impressed in the 
fii-st »;cond of time, and were the body to move on with 
tlie velocity thus acquired, it would pass unifonniy over 
thirty-two feet in the next second of time. But it is 
found that the velocity of every falling body is increasd 
in every i-ccond of tirno by Iho same precise velocity 
acquired in the first second, aTid tlma in case a o; 
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Iinii were prnjectcil dowiiwiinl nl llie rate of a tliniisyiid 
foci ill otic sccoihI, it would not only ]);iks over one 
thousand feet, but the sixteen additional feet acquired by 
a body fatliiig from a state of rest would be added to 
ibe tbousand feet dttc to the impulsive foi-co of tlio gun- 
powder. 

Again, in projecliiifja body TOrtically upward, it \va.s 
discovered by eAjicriiiieiit tliat at equal elcvationa in tlic 
nscout and desociit tlie velocities were identical, and tliua 
ivhatcvcr inigbt be flic cause retarding tbo ascending 
l)ody, or accelerating tiic descending one, tliat cause was 
found to exert its force Avitli a constant energy, 

Galileo was tlic first fully to develop tlie facts nbovo 
Btatcd, wliicli facts manifestly began to couple motion and 
velocity witli sojuc loystcrious cause of acceleration and 
rctai-dation. 

The i-cctilinoal motion of falling bodies naturally led 
to tlio inquiry as to ilio line in which a body, receiving a 
single impulse, would move, if entirely free from tlio inilu- 
cnco of cxfrnncous forces. A Iwly sliot from a gun liori- 
swntally, at tbo coinmeneemcnt of its motion seoincd to 
move in a right lino, but a nioTO rigid cxaminatioH 
showed that (the air as a resisting medium out of con- 
sideration) the bullet commenced to full at the moment 
of its flight, and actually did fall in ono second of time 
through a vertical height precisely equal to tbo space it 
would have fallen through if dropped from the nuiKide of 
the gun. Here, then, was a deviation from a rectilineal 
jiath accounted for by admitting a constant deilccling 
fiJi-ce precisely equal to that force, whercver it may bo 
Imiged, or whatever it may bo, which pi'oduces and ac- 
celerates the velocity of falling bodies, 

As the right line is tho most perfect of all line^, and 

Hn^lcdbyGoOglc 



MOTION A ^■ J) ClUAVITA'flON. 173 

ng uniform motion in a liglife lino is the simplest of all 
motions, Galileo coiiceivfd the idea that in case a liorty 
receive a single impulse giving a velocity of any mto per 
eeeonii, tii;tt tlio Wly thna set in motion will inovo off 
with uniform velocity in a straight lino, holding the di- 
rcetion in which the impulse is applied, and will thus con- 
tinue moving for over, unless some force or power 
he exerted to change tbo direction or to destroy the 
velocity. 

This conception or hypothesis conld not bo proved 
ilirecthj from experiment. A hid! perfectly hard, round 
and smoolh, shot on a lovcl surface like ice, would pro- 
iJOiTC its reetilincal path and its initial velocity nmclt 
longer than if op]>osed by ii-rogidiirities of surface and 
other resisting causes ; and thus it became manifest that 
ns the ixwistanccs to motion were diiuiuish(»:l, thoro was a 
nearer positive and cxpcrimoiital aj)pi'Oach to the verilica- 
tioH of tho principle hiid down by Galileo, (ill finally it 
bocaino a aetticd principle, and ivas at length dignified aa 
the Jirsl f/rcal law of motion. 

Previous to tho discovery of this law tbo mind had 
never heon able to conceive the idea that motion could 
continue after the cause producing it had ceased to act, 
and yet there is no motion produced hy human contriv- 
ance, such as tho motion of a stono from a sling, or a 
Ijail from a cannon, in wljicli it is not manifest that tho 
force producing the motion ceases its action after thofimt 
impulse. The sling cannot punsuc tho stone once liber- 
ated, nor the powder with ils expansive power follow tlio 
ball oiiec I'elwtscd from tho gun ; and thus it is clear that 
motion, once ^iiorated, stirvivra for a longer or shorter 
timo the direet action of tho impulsive fostic. 

So much for reGtiline.^1 motion. Wo aro indebted to 



Hn^lcdbyGoOglc 



174 1 H J-: 1, A w s 1' 

Galileo again for tbo Becond law of inolion, or tlio lnw 
by wliich we pass fvoin rectilineal to curvilinear motion. 
A bail pitjjectctl liorizontally, its ivo liavc seen, sooii coni- 
ineucffil to fall away from tho straight lino iu which its 
motion comiaenGcd. Galileo provctl tliat under tlio 
united effect of the pi-ojcctiIo force, and tho force wliich 
caused it to fall towai'd tho earth, the l>all HOiiId do- 
ecrihe a regular curve, called a pamliola, wliicli is nothing 
more than an ellipse, ivhosc major axis is infinitely long. 
'I'liirt curve may Ijo seen in tho form of tho jet, ivhen 
wafer or any other fluid apoals from an orifice near tho 
bottom of a cyliudvical vessel. 

The Floi-cntino philosoplier in pursuing this suhjccb 
finally eaino to gcncraliKe the principle involved, and dis- 
covcied that if a body in motion at any given into re- 
ceive an impulse, wIkbc line of direction forms any anglo 
with tiie line of direction of tho moving body, it will im- 
mediately take up a now lino of direction, according to a 
\-AW which may bo thus announced :— - 

ff two sides of a square or rectangle represouf. thti 
inlcnsHies and direelions of two imimlaive forces 
acliiiff ai the sama iuttlant, on a body at the miffle 
formed by these sides, then the hodij which, iit the 
end of one second, woutd have been found, under the 
impulse of either force, at the cxircmilij of the side 
representing (he force, will neither foUow the one side 
of the rectangle nor the other, but will take the direc- 
tion of the diagonal, and at Ike end of one sciconil ivill 
bo fouml at tlso exlremily of that diagonalf as may bo 
more rcidily comprehended from the figuixa below. 

Let 1*' bo any Impulsivo forco, such, that acting on tho 
material jwint 1', in tho direction P B, would project it 
to B in ono second of timo, and F' bo an impufoive force 
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which, acting on the same material point P, in the direc- 
tion P A, would project it to A in one second ; then, in 
case the two forces operate at the same moment on the 
material point P, at the end of one second it will neither 
be found at B nor at A, but will be found at C, the ex- 
tremity of the diagonal of the parallelogram. 




Tbi3 principle is known as the second law of motion, 
and 13 also known as the parallelogram of forces. 

In these investigations no account has been taken of 
the weight or mass of the body moved. It was oleajly 
perceived that the force exerted by a body at rest press- 
ing upon any support was precisely proportioned to its 
weight, and hence a ball weighing ten pounds would 
l>end A spring through ten times the space due to a ball 
■weighing but one pound, Aristotle knowing this truth, 
and believing that this pressure downward was the mov- 
ing force, when a body fell freely, asserted the principle 
that a body would fall with a velocity proportioned to its 
weight, which, aa wo have said, was disproved by Galileo 
in his celebrated experiment at the leaning tower of Pisa. 

It waa manifest, however, that when two bails of un- 
equal weight fell from tbe same elevation, although they 
struck the ground at the same moment, or fell with equal 
velocities, the effect of the blow struck by the heavy 
body was very different from that produced by the lighter 
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body, Iiulccfl, it was cany, by expDvimcnt, to provo tliat 
tlic effect waa precisely pvoporlioncd to tbo woiglit of tlio 
fuliing lm\y, ami that a Iwdy often poumfe wcij;lit would 
stiikc a blow ten times idofo powerful tliaa a ono iKurncl 
vci^H aftei- falling tliroHgli equal heights. It WiiH tiiU3 
Kocu that to ftstimalo tlic effect of a hlow Ktruck by a 
moving body wo must lake info account not only llto 
velocity but also the weight or mass of (ho body. Il'he 
Kaiiic body, with doul)le velocity, doul)ling ita eftcct, in 
Bhort, the mass niulliplietl l)y the vclociiy, now ciilled 
the momentum, hccame the true representative of the 
cftect ])rod»ced by the blow struck by a inovintf body. 

Having roachctl clear ideas and truo hiwa on these im- 
])ortant sidy'cct-s, Galileo gave his attention to the circum- 
stancea of motion on an inclined piano. By e.vpcrimcnt 
he demonstrated that, if tlio same body roll down pianca 
of tho same vertical height, but with different inclinationa, 
tho velocity acquired on reaching tlio foot of any one of 
theso planes will bo independent of Iho inoiiiialion, and 
will always bo e<|\ial to tiie velocity due to tho verti- 
cal hciglit of the inclined plane, 'I'his discovery prcscnteil 
the priiiciplo of the third and la-st law of motion, and, 
after much discHssion, camo to bo adopted as a ftnida- 
mcTital trutli iii mechanical aeicnco, !l'lieso laws of mo- 
tion wcro tho result of clear reasoning, based upon 
accurately conducted experiment, and were quilo indc- 
jrendent of the actual eausoa produoing motion. 

So Boon as tlio kaowledgo of tlio second law of motion 
vra3 attained, whereby it became demonstrable tliat -a ))oity 
set in motion by a Bingle inipulso, ami then o|)i]}akil im 
by a constant power, would doacribo iv curve, it vi'A-m:>, 
strange to us, surrounded as wo now aro by tho full ilhnni- 
uation of a true science, that this principle wfvi not dii^octly 
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applicil to Hccotmt fov llio mofioiifi of i-ovoliitian of the 
celestial orl)n. 

Kepler, wh<rao fertile genius, ever active mid HitUving, 
souglit the cause of planetary motion, being ignorant of 
iho law^ of motion, felt tbat lie must discover and reveal 
some constantly active power operating in tlie direction 
of tlic planetary motion ko as to keep up tlio velocity, 
tjelieving tliat witiiout somo sucli evcv-uctivo force thii 
planct3 must of necessity stop. The siieecssora of Kepler 
and of Oalilpo, for fifty yearn, or during the first Iiajf of 
tlio aovcntocntli century, felt strongly tlic nceoi-sity of a 
pliysical tlieory of tlie planetary motions, witiiout ailiiin- 
iiig to nnytliing clear or satisfactory. 

'I'liat all lieavy bodies wcro in some way attracted by 
the cavtli, afid that the center of attraction was in the 
earth's center, was manifest from tlio fact that every iKidy 
foiling fixsoly, sought the earth's center. But how u 
central foree, lodged in the earth or in the sun, could 
operate to keep up a motion of revolution round that 
center, in distant bodies, was the inexplicalilo myutery. 
Tlio nneieufci had already remarked that when a stone 
in ft aling 13 whirled rapidly round the head of the 
slinger, a forco is developed ivhich powerfully stretches 
the string by which the stone is lield. This forco «:is 
called the cenlrifuijal force, and it finally came to bo ac- 
ceptwl that, Jn all i-cvolving hoilies, this tendency to fly 
from the center must be generateil, and henco in tins 
planets and their aitcllites a like tendency must exi.-it. 
Reasoning, then, upon tho two gi-eat facts, that all boiiicd 
gravitate lo the cartlt, and fix>m analogy all hodic-i 
fipiully gravitate to the sun, and that all revolving 
Wliea, by the action of the centrifugal fmco generated 
in their involution, are dia|K)3ed to lly from tho eciitev 
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of iiii>tiiiii| liojielli, of Florence, in 1666, scRina to liuvo 
km ihc fnst to <.oiK,uve the idea tliiit hi tUo [)limels hiiiI 
ttitii satellites thosQ two forces might miUimlly destroy 
01 coutitcibitlaneo eaUi oilier, and Icavo ilio planet in a 
si itt ofdyiiiniK. il Cf^uilibmim to piirmio its journey nniiid 
the Kun. 

Here 1VC find (he germ of llie gianil tlicoiy which at tlie 
proKont diiy embraces ivithin its gi'as[) the entire pliysiciil 
Tuiivcrse of God. It was, however, but ihc ■;crm. ISorri'l]! 
did not pretend lo demonstrate the truth of \m i.u;';;i>h- 
tiou. To nccomptisJi this, it hecaiue neecsKary to demon- 
stralc t}ie law of tiio ccnU-ifnj^ul force and tlio law of 
giavilalioii, and then to show tliat tlie first of Hieso Ibreos, 
as developed by llic velocity of rcvoliilion of any planet, 
was precisely equal to the forco of gravitfltion exerted by 
llio sun at the distance to Hliich tlio i)l!inet was removed. 

Tho law governing tho development of the cenlrifngal 
force could lio investigated ex|icrinicntally. A cord suf- 
ftcientiy strong to liold a Ijody ausiwndcd from a fixeil 
point was not strong ertongli to hold (he same l)0(ly when 
niado to revolve about the point, ami, as tho velocity of 
revolution was increased, tho strength of tho coi'd liad to 
be increased, Jiut it was soon foinid that, with double 
tho velocity a cord twice as strong would not retain tho 
ravolving boily. The centrifugal foi-cc increased, thei-e- 
fore, in a higher i-atio than tho siniplo velocity. Hy 
further oxporinient it was diacovorixl that when the veloc- 
ity of the revolving liody was dottfihd, tliti colli holding 
it must be quadriipleit, and when tho velocity Biw 
tripled tho cord nmst bo nwilo nine-fold stmiiger, and 
heneo it l>eeame finally a fixed principle (knl ihv unhl 
J»'J"^i forre in every rwolriny Mtj im-reas-i! iri'h 
the square of the vu'ocUy. it remained yoE to y-cc! i:nit 
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in lylint way tins foreo wiis nffcoled by the tlistanco of 
ti(o i-ovolviug body from tlio center of motion, 'S\m wits 
Bccomplislicd cxperimcTitally, anil the complete Inw regu- 
lating tbc (ievcbpmciit of the centrifugal force in alt re- 
volving bodies iiaving been tSeter mined, tbis force wa3 
fonnd to increase as llie square of the vcloeity and to de~ 
cj-caae dii^cotly as tbe distance irom the eonter of motion 
ineraascd. 

With the Itnowlcdgc of this important law, we can rc- 
Inrn to tlie consideration of tlio planetary rovolutiona. 
That these lioilies were urged directly ft'om tlie kuu by 
the action of the centrifugal force generatcit by tlicii" ve- 
locity of revolution conki not bo doubted, and (o eounter- 
balanue Ihia tendency to liy from ibe center of inolion 
some force pi'ecisely equal and oppoaitc must exist. 'L'liis 
force waa called the (jmvikttin;; forces or force ofgrav- 
iiy, ami the law vegulating its intensity remained to bo 
discovered. 

Kepterhad not f^iiled to eonjocturc the existence of 
some sueli ccntial force lodged in tlio sun and in tbo 
eartii. lie oven went further, and conceived tlie Kamo 
force of attraction to exist in tlio moon, and finding tlio 
tides of the oconn to be swayed by that diNtant orb, ho 
conceived that tbe same energy wbieb niaiiife.^tctl itself 
in a heaving up of the ocean wave, must exert itself with 
equal power on the solid mass of the earth. 'I'liesQ, 
however, were mere speculations with Kepler, ami even, 
m cliso he bad seriously undertaken to prosecute tbe re- 
search, the ignorance of the true laws of motion thou 
existing would have rendered any success impossible. 
From the days of Kepler to tboso of Nowton this great 
pixihlem constantly occupied the thoughts of the mosE 
eminent philosophers: Was the gravitating foreo whei'oby 
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bodies fell io tlio cavth'a surfitco a constant or vaviivblo 
force ? Was this foi'co operative in tlio disbtiit regions 
of s|raco? Did its poivcr extend to tlie moon? and wiis 
it thero precisely what it hIiouIi;! he in onlcr to eouiitor- 
balauce tlio energy of tlio eeiitrifiigal forco ? Did ttiis 
Siimo gravitating power dwell in tlio sun and other plan- 
ets, as well 03 in tlio cartli ? Did tho sun's gravity ex- 
tend to each of the jdmiels, and exert at these dillcrcnt 
ttislanecaan energy equal and opposite to the exist ing 
conti-ifogal forco due Io tho planet's distance and velo- 
city? In short, was tiicro a forco or energy dwelling in 
every pnrticlo of ponderable nmttov wiicrohy every exist- 
ing particle attractctl to itacif every other existing par- 
ticle, with an energy proportioned in some way to their 
weights and to the distances by which they were aopar- 
ntfid? Could sucli a forco, lodged centrally in tlic sun, 
and operating by any law, convert tho rectilinear motion 
of 11 body darted into Hpaco by a Bingle inipulso into oilip- 
ticnl motion, and at the sanio time, at every jioinE in 
tho elliptical orbit, preeisoly counterpoise the ccntriftigal 
forco due to tho planet's distanco and velocity? Could 
tho samo force, governed by tho samo laws and lodged in 
tlio primary phuicts, control the niovcmenla of their 
sntcllitcii? These were the grand int|utries which on- 
gi-osscd tho attention of the generation of philiMopliera 
which flourished from tho time of Kepler and Oaliieo up 
to tiiG era rendered immortal by the grand discovery of 
tho law of univei-sal gravitation by Newton. 

NinviMjs'a biscovbuy of tiik i.asv of uravitation. 
--Wo anj now prejjared to eoiisidor tho train of reason- 
ing cmployct! by the Englisii philosopher in liia re- 
BCivi-clies tor the law of gravibvtion. Many astronomers 
before Nowton had conjectured that the force eserted by 
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tho sun on tho planets, ami hy tlm primavios on tlictc 
sateltit(s, decreased m tho sfjmm: of (he diatam-v in- 
creased, or folbs-cd the law of tlic inverse ratio of tho 
B(iuai-c of tho distnncc. This was infen-Cil from tho wu- 
siiloration of fact, that this attractive energy, called grav- 
ity, WH8 Imlgcd in the center of tlio son, and issued from 
that center in all possible directions, like light emanating 
from a luminous point. As the diatanco increased fi-oni 
the center the force would heconio less intense, iind niif^ht 
follow the law of tlio decrease in tho intensity of light, 
which was well known hy experiment to he tho invci-so 
ratio of tlic square of the distance. It was one thing to 
conjecture this to bo the law regulating the force of grav- 
ity, but quito a different thing to demonstrate the truth 
of such a eonjecturo. 

Tho investigation as pursued by Ncwtoiij and the dis- 
coveries made hy that distinguished philosopher, followeil 
progi-es-sivcly in a seriea of distinct propositions, tho do- 
nionstrations of which wore reached at different perioiis. 

First, Newton demonstrated that, assuming tho third 
law of ICcpier as a fact derived from observation, as a 
consci^uenpo of this fact, (coinhinotl with the law of tho 
centrifugal force,) the gravitation of the planets to tho sun 
must diminish in the inverao ratio of tho sijuarc of their 
respective distances. This demonstration was nceom- 
piished by a train of mathematical rcauoning, of which 
wo ivill not stop to give any account at present. It was 
based, however, on tho asanmption that tho planetary 
orbita wero civcles, and henco did not meet tho case of 
natui-o. 

The .lecoitd step was to prove that in ease a planet re- 
volved ill an elliptical orbit, that at every point of its 
revolution tho force exeriol on it by tlio sun, or its 
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gravitation to tne solav orb, was ahiay« iu ilic invei-ao 
mtio of the Rquam of its sibt.aiice. This was ot^uivalcnt 
to proving tbatif a body iiispaco, free to move, i-ecoived 
a single impulse, and at the mime moment was attracletl 
to a fixed center by a force wiiicli diminisbcil ns tlio 
Hrjuarc of the disfanco afc ivliich it operated increased, 
Biieh a body, thus deilcetcd from ita i-ectiliucal patli, would 
desuriljc an ellipse, iu wlioso foeus tho center of attrac- 
tion woiiUi be located. 

'I'ho //()'/■(/ step in tliis cxtmoi'dinary invcstigntiou was 
to demonstrate that, this gravitating power lodge<l in tho 
iiiui, iiiiii controlling tho phinetary movemcnta, was iilcn- 
ticiil with (hat force exerted by tho earth over every fall- 
ing botly, and extending itself to tho moon, deorcnaing in 
intensity in proportion as the sfiuaro of the distance in- 
ci-oascd, and thus opi)o.9ing itself aa a preoiao Oijiiipoiao 
at every moment to tho eilecfc of the centrifugal foi-eo 
generated by the motion of this revolvhig antellito. 

'J'lio fourth stop re<jHired the philoaoplior to demon- 
strate that not onSy did the planets gi-avitatc to tbo sunj 
and the satellites to their primaries, but tliat eueh and 
every one of theso lioiiiea, aun, planet nnd Batcllito, 
gravitated to the other, and that each attracted the other 
by a force wliich varied in tbo inverse ratio of tho acjuaro 
of Ihe diMtanco. Uut hero it was fonnd that iinolbcv mut- 
ter had to be taken into account, 'i-'ho energy of gravi- 
tation did not depend alone on distance. Tbo power 
exerted by the sun on tho planet Jupiter was vastly 
gmiter than that exerted by Saturn, tliough Jupiter 
was nearly equidistant frum theso two bodiea nben in 
conjunction with Saturn. Newton praved that the 
power of gravitation lodged in any body de})i;ndod on tbo 
mass or wetyhl of tho Ijody. and hence if tho sun weighed 
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a thotisand or ten thousand times as much as a planet, 
its energy at ei^ual distances would, by so muoU, exceed 
that put forth by the smaller orb. 

The fifth and final step in this sublime, intellectual 
ascent to the grand law of the physical universe, re- 
quired the philosopher to prove that the force, power, or 
energy, now called gravitation, lodged ia the sun, plan- 
eta and satellites, pervaded equally every constituent 
particle of each of these bodies, and did not dwell alone 
in the mathematical center of the sun or planet. In 
short, it woa required to show that every ponderable par- 
ticle of matter in the whole universe possessed and 
exerted this power of attraction in the direct -proportion 
of its mass, and in the inverse ratio of the square of 
the distance at which its energy teas manifested. 

In case these propositions could be clearly and satis- 
factorily demonstrated, an instant and absolute revolution 
must commence in the whole science of astronomy, and 
the business of future ages would be nothing but the 
verification of this one grand controlling law, in its appli- 
cation to the phenomena presented in the movements not 
only of the sun's satellites and their attendants, but in 
those grander schemes of allied orbs revealed by tele- 
scopic power in the unfathomable regions of the sideral 
heavens. 

We shall now exhibit an outline of the demonstration 
accomplished hj Newton to prove tliat the law of uni- 
versal gravitation, as above announced, was the exact law 
according to which the earth exerted its attractive power 
on the moon, and held this globe steady in its orbit. 

The intensity of any force, as we have seen, is measured 
by the velocity it is capable of producing in a heavy 
particle in any unit of tune, aa one second. The earth's 
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gravity at tlio surfuco is measured tlicii by the spuco 
tlirougL which a Ixxiy fails in a second of time, wliich 
sjiaco (as experiment dcnsoiislmtes) is «ljout sixteen feet. 
Ill case it were possible to inensui-c with absolute precision 
the spfiee through wiiicii a body falls at the level of tlio 
sea ami thou at tlio sumtnit of a uiountaiu (if ihero were 
JiTiy Buch) 4,000 miles high, it ivoukl be easy to rcrify 
Itto trutti of tho assumed laiv by actual experiment ; hut 
uo niouutaiu cxista on the earth's suffitco whoMc height h 
eoraimrablo witli tho loiigtii of tho earth's radius, and aa 
it is absolutely impossible to ascend vertically abovo the 
oavfh to any cuiisiderablo hei<;ht, Newton soon saw that 
no iiieana existed on tho surface of tho earth whereby 
the trulh or falsehood of his assumed hypothesis raijjlit 
bo ascortiiincd. In this ciilcmma lio conceived the idea 
that tho moon might bo cinidoycd in tho expcritnent, not 
by arrestiug hor motion and dropping her Jilorally to tho 
culh, but by consjdonng tho eiith's atti icfno power aa 
tlu ciu-io of her dcHection fiom a rcclilinoil iiiovcment. 
Tn one --cnss, the moon j? pcipUuiliy filling to the earth, 
n nu) b(, 11 uitly compiehtJukd hom an oKamination 
of tho luuio bclo« — 
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T<ct E ropresoiit tlte earth's center, M a point of tlio 
moon's oi'bit, in wliich she is at rest with no force what- 
ever oiK-rating on hor. , Now let an impnlao ho applied to 
the moon, in the dirccfion M 51'", tangent to the orbit, oi' 
jici'peiidiciilar to the lino M 3'I, and with s«oh intensity 
that at tlio end of one second of time the moon will he 
found at M"', Retmn tho moon to M, and conceivinj; 
licr to drop toward tho earth, under the |>ower of tho 
earth's attraction, lot us suppose tliat alio paaaoa over tlio 
distrinco M M' hi oiic second. In easo tlio moon tm brought 
hack ngiiiii to M, and tho impulse be now applied, and at 
the instant tho moon darts off along tho striiiglit lino 
SliM'", alio is seined by tho earth's attractive power, 
and, bending at once under these conjoined inHiicnccfi, slio 
comnicnccs her elliptical orbit, and at tho end of oiio 
second is found at M", passing over a sort of curvilinear 
diagonal of tho parallelogram formed on tho two Rides 
MM"' and MM'. Now, it is mainle;it (liat Uio lino 
M'" M" is c'lual to 51 M', that is, that the amount by 
which iho moon is dclleeted from a right lino is precisely 
tho amount by which she falls to the earth in ono second 
of time. 'J.'ho problem then resolved itself into a com- 
putation of tho lino M M', or tho distance thraugli which 
tho moon ought to fall in one Bccond, in case tho assumed 
law of gvavition bo true, and tho exact measurement in- 
strumcntally of tho distance M'" M", tho space through 
%yhich the moon did fell in one second. An exact c<iwiil- 
ity between these two quantities would establish tho law 
of tho deereaso of the earth's jjowor of attmclion to bo in 
the inverse ratio of the square of the distance. 

It will be seen that to compute how fur a body would 
gtll in ono second, «hcn removed to tlio moon's disitaiice, 
in case tho earth's gi-avHy be diminished as the Bt[uaro of 
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tiio distance increases, is a matter involving no cllfri(;iil[y 
or uueortaiiity wliiitovor, in case wo know whuL tlio moc.ri's 
(listanco is. In like niiuinci', to obtain the upaco Unvugh 
wliicii the moon actually falls to flio earth in ono sccomt 
0)- minuto of time, knowing licr (listancc, aOmitlinj; her 
orbit to be circular, and assuming (hat wo know her 
j>crio<lic time, is a problem of easy solution. 

The cliicf difliculty lay in accomplishing an accuvato 
determination of tlie moon's distaneo from the earth, a 
matter whicJi could not bo determined witliont an accu- 
I'lile knowIc<lgo of the earth's diameter or radius, as wo 
have already seen, 

AVhcn Newton commenced liia investigation the mcaa- 
nre3 which had been executed of an arc on the meridian, 
whereby the entire cii-cuniferenco of tlic earth might bo 
obtained and its diameter computed, were comparatively 
jmi>erfect, yielding only an approximate value of tiiO 
enilh's radius. As this quantity ^la.s the unit employed 
in the measure of the moon's dislance, any error in its 
viiiuo would bo repeated somo sixty times in the value 
of the moon's distance, and aa the gravity of (ho eaiih 
wa.s nKsiimcd to decrease ns tbo .if/mirc of the distance iu- 
creaMcii, we i)erceivo tliat any error in the radius of tbo 
oailb *vould operate fatally on the solution of thii problem, 
iiivolviiig the fate of the most couiprehensivo and far- 
rwiching liypothesis over eoneeived by tlio human mind. 

Unfortunately for N^cwion, tho value of the earth's 
diameter, einployal in his first computations, was in 
error, and in executing the computation the values of the 
spaco thi-ougli which the ruoou o'-yki to fall, and tho 
space through which she did liill, were discrepant by aw 
amount equal to the sixth part of the entire qiiiinfity. 
Ko great a disagreement was fatal to tho theory in tho 
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truUi-iovJng and exact niirwl of Nowtoii, and for ma«y 
yeai^ he al)anfJonc{l all liopo of (loiROiwtvaiing the truth 
of his ilayorito hypothesis. Still his rniud was in somo 
way powerfully irapresscd with tho conviction tUiit ho 
had divir.ed ttic trao law of nature, and ho retamcd again 
mid again to his coiuputatioiia in tho hoiMs of rcriioving 
tho discrepancy by detecting sotno numerical error. It 
was irapossihio, however, to find an error wlicre noiio ex- 
isted, and for a tinio the great philosopher abandonc<l nil 
liopu of accojnpliahing thia, tho grandest of all tho eflbrta 
of hia own Hublimo gcniua. Such was tho condition of 
this investigation when a now deter mi nation of tho valuo 
of the earth's diameter was accomplished in l''rance, hy 
tho mcuBuronieiit of an arc of tlio terrestrial meridian. 
Having obtdinod this new valuo of tbo earth's diiinietor, 
Newton resumed oneo more the consideration of (ho pro- 
blem which had so long oecupietl hia thooj'liis. The 
new value \i is sul <ititutcd foi tho old the moon's diibnieo 
bang now accm itely knoiHi — tho space thiough v,hu.\i 
1 body would itll jn i unit of tnno, undu the ponei 
of Lii>itition nhcn icmoAcd tj this ne« distmcc, wb 
upidl) comjuic! In hku nnnna ttio dnKiieo thiou„U 
whici* the moon must actually hll lUH also obtuiLul by 
using tht new v iluo of the oai th s di »noti-i 

It would bt, nnpo'WibW to form my just idot ol the m 
tcnso cmotiona which must have agitated tlio mind of tbo 
J^Hglish pblloMphor while engaged in bringipg Uu^o last 
computations to a close. Upon a comparison of the re- 
sults now reached there hung eonsequcncoa of incalenl- 
!ible value. So less than nineteen years of earnest study, 
of profonnd thought, and of tho moat laborious investi- 
gation, had already been exhausted on this grand pro- 
blem, aiid now within a fow minutes tho fate of tho 
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theory ond the fiimo of tho aslronomor were to ho for 
over fixed. No wonder, then, tliat wo iivo told that oven 
tho giiint inteUcct of Noivton reeled and sta^ered niidcr 
the ti'otnotMJoHB excitement of tho moment; and scoing 
that the figui-cs were ao sliuping tUcmsolvos as ii^evitahly 
to destroy tlio discropunc/ which )iad so long existetl, 
overcome by his emotions, Newton waa coinpollcd to ask 
tlio usaistanoo of a friend to fniiah tlio numerical compu- 
tation, and when completed it wiia found that the spiioo 
through which tlio moon did fall in a unit of time \tm 
identical with the space throngh wliieli she oiiff/i( to fall, 
in cnae her movcmeiils were confrollcd by a power loilgcd 
iji tho cartli's centre, and decreasing in energy m tiio 
st[Uiii-o of tile distmiee at which it opciiitcd waa in- 
creased. 

Hero iva.s prcscutctl the first positive proof of tho 
prcvaloico of that universal law of mutual attniction 
which cnergiKca every particle of ponderahlo matter ex- 
isting ill tiie univei-se. The earth's iwwcr of nttruction 
was thus shown to exert i lac If according to a fixctllaw, 
in deflecting the moon from the rectilineal path it would 
otiiorwiso have foiiowed, converting ita motion into one 
of i-ovolutioii, giving to its orbit tho elliptical form, aud 
maintaining at every point, of its revolution tho most 
exact and perfect ccj^uilibrium. 

It may, perhaps, seem oxlraonlinary that so much con- 
Bcquenee should have been attached by Kowton to tho 
Buecesjful demonstration of this particular problem. If 
ho iuid already shown iliat tho Bun'a attractiort upon tho 
planets followed tiic h\v of the inverse ratio of the Biiuaro 
of tho distance, and that the same law prevailed in tho 
attraction of the sun upon any one plaitot at diObrent 
points of its orbit, why regard as a matter of such 
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liigii raluo the demomtFittion of the fact that the eavth's 
atlJ'iiction nimn the inoon was govciricfl hy the siinio 
klciiticul law. The answer, I Uiuik, may ho fcuiiily 
given. 

The gveat problem ivag this ; Docs one law roign ru- 
promo ovov all Iho ponderable masses of tho ]»hysiottl 
xiiiivcrsc, or arc there many subordinato laws holding their 
sway ill tlic diverse systems and bodies ivliich arc revealed 
by sight ? Wight it not be tliiit the sun would attract 
the planets according to ono law, wliilethe iilanefs inifjht 
attract their satellites according to a diflerent law ? J!y 
demonstrating that tho earth controlled the nioun by tlie 
Bamo precise power whereby tho sun conti'olhid (he phm- 
elSj it was demonstrated that tho ponderable matter of 
tlio earth WHS identical in character with tlio ponderable 
jiialter of the sun, am) from this it followed that as tho 
earth was one of the planets controlled by tlio power of 
gravitation of the sun, so likewise the other planets 
which wci'o controUetl by the same power must be eom- 
jKMcd of ponderable matter, governed bytliosarao laws 
wliicli reign, in tho sun &m\ eartli. 

Wc pGi'ceive, then, that this rtemonstnition, executed 
by Newton, in whicii ho proves that the earth's attrac- 
tion controlled tlio moon, dcaervci tho liigli rank which 
ho has assigned it, for it is nothing lob^, when coiijoiueil 
with hia provloas dcnionstrationSj than pi-oving that every 
globe which shines in space, planet and satellite, anil 
Bun, aro hut parts of ono mighty system Hnketl togelhei' 
by in<liswlub!e bonds, forming ono grand Bchemi-j in 
wliicli each exerts its influence upon tlio other, the whulo 
coHtrollol by ono supremo and all-pervading law. 

rt only remained now to extend by ilenionstiiition llio 
empii-o of tho law of universal gravitation over wicli 
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particlo of matter composing tlio several worlds. 'I'liia 
was a problem of no ordinary diflicHit/ ; for Newton soon 
discovered that in ease a mass of ponderable matter wcto 
fasiiionetl into llic shapo of a splicre, tliat for all tlie 
purposes of computation it would he snfo to consider the 
entire globe as concentrated in one single point at the 
centre. Observation taught that ati (lie pkiiets, as well 
as tlioir satellites, ivcrc bodici'i of globular form, and henco 
ill applying the law of nniversal gmvitation to tlio study 
and computation of their movomonts, tlio same i-esulls 
would bo obtained by admitting tlio whole force of attrac- 
tion belonging to these bodies to bo concentratctl in their 
central points, or to be distributed among tlio different 
pnrticles comiKising the globo. H'o show, tlicn, that 
gmvily resided in every parliclc composing a globo, and 
not in its central \mat, was an irapossible thing, so far 
as lliii distant worlds were concerned. Tii tlic world which 
we iiihiibif, however, and where wo can study its indi- 
vidual portions, and where wo can pcncti-atc to certain 
depths toward its center, it may not bo impossible to 
learn whether the power of gravifation dwells in every 
poiulerable atom which goes to make up the entire 
carlh, or whether it is concentrated in tlio central point 
alone. 

'J'hero arc several nictbods which may be employed to 
nseertam whether there be any (wwor of attraction -in 
scparato portions of the earth or in iho crust of tho earth. 
'J'lic effcet of a high mountain on the direction of tho 
plumb-lino, (which at the level of the sea holds a direc- 
tion jjcriiendieular to tho surface,) in causing it to devi- 
ate from this direction, may bo moasui-ed with KuOi- 
cient aeeuracy to demonstrate tho power of attraction 
existing in the mountain. Buch an experiment, however, 
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eonW not !)0 employed to dcnionslvato tliat tlic litw of 
univcvsiil graviUtion prevailed aioonj; the particles eoiii- 
pasing tlio inoutitiiin, it would only sliow iSiat there was 
a iHJWcr of attvaclioii oxcvted by the inouniuiii, ami in 
case vic knew tlic exact ainoHut of deviation of the pluriib- 
lino from tlie vertical, ami tlio magnitmlo of the moun- 
tain, as well as the law according to which its alli-activc 
power was oxorted, wo could then obtain the quantity of 
matter contained in tlie mountain mass. 

A second metliotl may bo employed to aseerlaiii 
wlicthcr tlio whole jwwcr of gravitation is lodged In llio 
center of tlie earth or k distributed among all its coimtit- 
uent particles. If it wore jrossiblo to penetrate toward 
the earth's center, a thousand miles below tlio surface, 
and there drop a heavy body, and measure the space 
tliroiigli wliicii it fulls in a unit of time, if tbis measured 
spaeo sliould be identical with (liat over wliioh the body 
ouglit to fall, on tho supposition that its velouity de- 
pendcil simply on its distance from tho center, aueh an 
cx|)criment would demonstrate that tliC earth's gravitat- 
ing foi'co resided in the central point alone; tins experi- 
ment cannot be perfornicd in the exact manner announced, 
but it can Imj, and has been Bubstantially performed, with 
very great delicacy, in the following maimer : 

It is found that a pendulum of given length will vibrato 
seconds at the ecpiator of the earth. If this pendulum 
ho removed nearer to the catrtli's center by carrying it 
toward the jioles, tho i>owcr of gravitation producing iis 
Yibratitin thorcby growing more intense, tho pendulum 
will vibiiifo moi-o than sixty times in a minute, and xh\m 
the number of vibrations in it given time becomes a very 
exact means of measuring tho dislaneo of any point on 
the earth'a surface from its ecnter. 1'hese cxijci-imenis, 
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liowover, aro potforincd upon tho carth'H suvlaco. If, in- 
Btciid of removing the pendulum iVom tiie equator toward 
tho poies, and tbcreby ixidueing its distatico from the 
eiiti a center, ibis distance were reduced by tho samo 
amoi nt I y transporting tho pendulum verticatly down- 
■w 11 1 1 to a deep mine — if distanco alone from tho center 
lo tbc on 180 affecting tlic timo of the vibration of tho 
^e lili — then tbc number of vibriitions in a unit of 
tiino w lU be tbc same in tho mine as at a point on the ex- 
terior equidistant fmm the earth's center. A\'lion this 
cxiM^rinient cornea to be performed it is found that (bcro 
is a great diflcirenee between the number of vibrations in 
the interior, ivhcii compared ivitb tho number of vibra- 
tions at the exterior, at equal distances "from tho center, 
in any unit of time, say a mean solar day, clearly de- 
monstrating that the matter of the eartli, lying abovo tho 
pendulum located in tho mine, produces a very sensiblo 
and powerful effect upon tUo number of its vibrations. 

Hero, again, ivo find it impossible, from tins experi- 
ment, to dctermiTie the exact law which regulates tbo at- 
tractive jjower of tho individual particles com])CKiing tbo 
earth, but ivo do demonstrate the iiict that the earth's 
gravity ia not concentrated at its center, but dwells, ac- 
cording lo some law, in all the atoms which compose i(3 
mas«; and this law, we shall ))rovo hereafter, ia iiono 
other than the great law of universal gravitation. 

It is impossible to form a just idea of tho vast import- 
ance which attaches to the gi'a.nd discovery of Newton. 
It woikcd out, instintly ind nleolutply, a conijib U lev- 
olution m tin, ivhole Boienrc ot astronomy I i' u m% to 
tbc diseoveij of tho )va ol univei-'tl ^iiMtitiun ill Sho 
obseiviisons u]jou tho ■jtti's tud plmtls, ■» hub bii been 
aecumulitin^ (oi so uiuij etntuim, could oulj It iXJ- 
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gardcil iis BO many isoliitcd fucta, iiiivitig no Hpccifio re- 
littion tlio one to tlic other. 'L'hc pknyla wero inilepcii" 
dent orljs, moving tbrough sjiaeo in orbits poculiiiv to 
tlieiiiselvcs, and only united by tlio siiifjle fuct that tho 
aim coiiatituted tite common center of rovolutioii. 'I'iio 
discovery m;>do liy Newton converted this Bcliemo of iso- 
Jitted worlds into a grand meclmnical system, wlieroin 
cacli orb w;ia dcjiondcnt upon every other, eiieii Hiitollito 
affecting every olher, nnd tlic wliolo complex sclicmc 
gi-iivitating to ttio common center, wl»ich exerted a. pre- 
dominant power over Oiieli and every one of tlicso rcvoly- 
inj; ivorlds. 

'J'liose ecccnti'ic bodies nhioh wo donominnto comols, 
ivlioso abrupt appearance in tlic heavens with tlicir glow- 
ing tiiiins of liglit, ivlioKC rapid niovcmeiita and sudden 
di^ippcaranec have excited sueh a deep interest in all 
ages of tlio ivorhl, wci'o found not fo Iw exempt, as wo 
shall hereafter show, from the empire of gravitittioii. 
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CHAPTER X. 



THE LAWS OE MOTION AHD QBAVITATIOH APPLIED TO 
A SYSTEM OF THREE EBTOLVING BODIES. 



OB THK ECUPTIO.— KcTOLUTlON OF TUB LlNB OF NoDEe.-auS, E.KTH .HO 

KBPLKEfS Laws.— COMPIESITI tbus Introduoed.— Ibfibitebjihai. Anals- 
BIS.— DJFFEBEBOB BBTWEEB &B0METK10il. ABB AbAIYTIOAI, EeABOBIBO. 

We shall now present, aa clearly as we Can, with- 
ont the aid of mathematical reasoning, the application 
of, the laws of motion and gravitation to the circum- 
stances arising in a system of three hodiea mutually 
affecting each other. We will commence even with a 
simpler case, and Buppoae a solitary planet to exist, sub- 
jected to the attractive power of one sun, and that these 
are the only bodies in the universe. Let us consider 
what quantities are demanded to render it possible for 
the mathematician to take account of the circumstances 
of motion which will belong to this solitary world. 

First of all, it is evident that the quantity of matter 
contained in the svin, or its e^act weight, must be known, 
for the energy or power of the sun varies directly as its 
mass, and two suns, so related that the weight of one is 
tenfold greater than that of the other, the heavier one 
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will exert a power of altraclion tciifoM grciile.r liiiiii lliis 
lighter one. 

Ill tlio second plitco, wo iiuisl know the tJistiiuue of llio 
pJaiiet from tho sun, for the power of tlio swn'a attrac- 
tion deereasea as the stiuave of tlic dislaiieo at wJuoh it 
oporutes incroBsea; so that if at a distance of unity it 
cxorts iin altractivo foi-eo which wo may call one, at a 
diatanco two this forco will bo diminished to one-fourth ; 
at i\ distance ihrce to onc-nintli ; at a distance /out- io 
one-sixtecnlli ; at a distance ten to tho one huiidvodth part 
ol'ils firat vahio. 

In the ;/i(>(/ place, tho mass or weiylit of the planet 
must ho known ; for not only doea tlio sun attract \U 
planet, but in turn the planet attracts tho fiun, and the 
intensity of this attraction, which affects the motion of 
tlio planet as well ns that of tho sun, depends exclusively 
upon the mass or weight of the planet. 

In the fourlh place, wo nntat know tho inteiiKittj of the 
impiihke force which is employed to start the planet 
in its orbit, for upon tho intensity of this forco will tho 
initial velocity of tho planet depend, and wo see readily 
that the form of tho orbit as to curvature will depend 
npon the initial velocity. 'J'he greater this velocity tho 
more nearly will the eurvatui-e of the orbit coincide with 
the Rlraiglit lino in which tho planet would have moved 
in oasn it had been o[)Crated Upon by the imi>ubive 
force alono. 

In the Jiflh place, before wo can completely muM'-.r 
the cii-euniatanees of motion to tho planet, we must know 
tho direeihn in which tho impulse is applied, for ujion 
this direction it is manlf^t that the figure of tho orbit 
will depend. If tho impulsive forco bo applied itt a dii-ec- 
tion passing through the sun's centre, and toward the 
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sun, it is deiii' lliut llic planet will simply fall lo fliO 
sun ill a sfraij;lit line. If it met wh\\ no i'i,v^isit:iiiTO it 
woiilil pass iliroiigli and boyond the sun's ccnlor initil 
its velocity woukl be entirely overcoino by tlio attmctioii 
of fjnwitation, ivhen it would stop, fiill again to the sun, 
ami tJniB vibrate for ever in a rij^lit line. In ciino tlio 
tliroction of the impulse is oblique to the line joining tlio 
planet and the sun, (tlio angle falling within certain 
linuts of value,) then the planot will dcserilwi an ellip- 
tical figure in its i-cvolulion around llio sun, and will re- 
turn precisely to the point of departure to repeat the samo 
identical cuwoj with the same vclooitiea precisely at oacli 
of the points of its orbit, in tlio same exact onler for 
ever. In cxaniiiu'ng tho peculiarities which distinguish 
tlic movements of tins revolving lioily, wo shall find as a 
necessary consequence of the laws under which it ntovos 
that its motion must be slowest at that point of its orbit 
where it is furthest from tlio mn. Leaving lliia point 
as it approaches tho snn, its velocity must rapidly in- 
crease, and will roach ils niaximnin at the perihelion of 
its orbit, whero, being nearest to the snnj it will movo 
with its swiftest velocity. Iteccling now from the center 
of attraction it will lose its veloeity by tho mim de- 
grees with which it was augmented, and will n;;i\in pas3 
its aphelion with its tslowcsfc velocity, 'i'hiis wo per- 
ceivo that tho movements of a singlo planet revnivjn;; 
about the only aim in CAisteneo ai-o nutrkud luih ;;ri it 
Kimplicity; and in easo tlio mathematician !<»<!«•« \nv 
cisely tbo five qnantities already named, viz ; Mf- siiii'.s 
mass, the planet's distance, ike pUinel's M».is, the in- 
teimty of the tinpttlsim force, ami t/ic tlinifiriii of /his 
force, it is not at all diflieult to determine all tbo cir- 
euniatancts of motion of the planet, and to pretlict its 
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place in its orbit with absoUito prcoision at lite end of 
t«ii tliousaiiil revolutioiia. 

AVc will not at presejit attempt to sliow liow tlicse fivo 
qiiatitities may l)e olrtained. I'licso dptcr mi nations be- 
long to t!ie department of insli'iunental asU-onomy, a 
subject wliicb will be treated after olosing ivliat we liavo 
to say on tlio application of tiio hiw of gravitation to tho 
inovemonts of a aystem of ihreo bodies. 

In case tlie planets bad been formed of a material such 
aa to 1)0 attracted by the sun, but not to iitti'act eacli 
Oilier, and if the Hatellitcs had been coinpOHcd or a mate- 
rial auch as to be nttractcd by their primaricH only, then 
the elements of the orbits of all those revolving bodies 
would have rcniained for over absolutely iiivarialjlc. Ho 
soon, then, as accurate observation Bhotild liavo furnislied 
the fivo quantities rcfpiircd in detenu ininj; the circtim- 
staiieca of motion in any revolving bmly, mathematical 
compntation would liavc fitted an invariable orbit to Oiicli 
one of these bodies, aTid would have furnished by calcu- 
lation tlio exact place of each one of tlieso boities in all 
coming time. 'I'lie whole system woitld Iiavo been one 
of perfect cnjuilibiiuni, and although complexity would 
have presented itself apparently in the interlacing revo- 
lutions of these revolving worlds, yet absolute simplicity, 
combined witii short periodical changes, would have i-c- 
stored iwch one of the-je bodies to the exact position occu- 
pied when fimt launched in its orbit. 

'J'his, however, is not tho case of naiuro. The sun 
not only attracts the plaiicta, but also attracts their 
satcHites, The primary planets not only attract their 
satellites, but attract cuch other ; and thus not a KJnglo 
body exists in the whole universe wiiich is not depend- 
ent iipoti every othur. 
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Wc Iiavo alrcfttly aeon that in eaao flio sun witli ono 
jikiiot were the only objeeta in existence, tliat having 
traced the planet Jn one single revolution routut the »uri, 
tlio variations of motion tlnis dovolopecl would be i-e[)catod 
tvitliout tho slighteat change in any suceccding revolu- 
tion for all cominj; tiino. 

Sn|)i>osc tliib solitary planet to bo tlie carfh, and 
that from a knowledge of the woiglit of the sun, tlio dis- 
tance of tho carlli from tlie sun, the weight of the eavtli, 
llic ititonsity of the iinpiilaivo fovco, and iho divcetion in 
wliieh that force 13 aj>j)!icdto st;irt tlic earth in its orbit, 
we dcterniine the olonionta of its orltit. 'J'lie fovm of 
this orbit, its magnitude and jiosilion in s]»ace will re- 
main absohitely invai'iable, and the clianges of motion 
in the first revolution will bo repeated exactly in all 
succeeding revolutions. Let us now add to our system 
of two bodies a third botly, as tho moon. In ease llie 
sun had no existcneo, or was reniovcd to an infinite dis- 
tiince, tlien the circinnstanccs of motion m the moon, 
once determined, would remain ab.iolutoly invariable, but 
tho moment no unite tho three bodies, tho sun, earth 
and moon, into a system of three orbs, mutually doiiend- 
cnt upon each other, the perfection and simplicity whicli 
marks a system of two bodice is for ever desti'oyed, and 
modiftcattons arc at once introduced into tho motion of 
tho cartii revolving around tho sun, and also into that 
of tho moon ravolving around the earth, of aii osceetlingly 
complex' and difficult character, and rfyjuiring the high- 
cat developments of maihematieal analysts to giiipplo suc- 
cessfully with this gtetii proh/ent of i/te tfuve budw.% 

Tho solution of this problem has never beer, positively 
accomplish etl, but approximations of wonderful delicjiey 
have been raacheil by the successors of Newton, bo that 
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for all practical purposes in astronomy this approximate 
solution may he feirlj regarded as absolute. 

As the plan laid down in this work does not admit the 
use of any but the simplest mathematical elements, we 
shall only trace out, in general terras, the consequences 
which must follow from the introduction of a third body 
into a system of two revolving orbs, and, for the purpose 
of fixing our ideas, we will suppose the earth and moon 
to be our two bodies. Tbe moon's orbit, in magnitude, 
and figure, and position, is supposed to be known; her 
period of revolution and the circumstances of her motion 
in her orbit are also supposed to be accurately determined. 
The earth being fixed in position, and the moon perform- 
ing her revolution under the laws of motion and gravita- 
tion, let us now add to this simple system a third body, 
the sun; and to render our investigation as simple aa 
possible, we will sidopt the hypothesis that the earth con- 
tinues at reat, but that a new force, namely, the sun's 
attraction, now commences to exert its influences upon 
the moon. In order still further to simplify the case, 
let us suppose the sun's center to be situated in the pro- 
longation of the longer axis of the moon's orbit, and 
that the moon, in passing through her aphelion, will 
cross the line joining the centera of the eartb and sun. 
Under this configuration it is clearly manif^t that the 
figure of the moon's orbit will be changed, because the 
attractive power of the sun will- certainly increase the 
distance to which the moon travels f/vm the earth, for 
the velocity with which the moon moves away from her 
perihelion point will be reinforced by the attractive power 
of the sun, and thus her aphelion distance will be in- 
creased. By the same reasoning, it will appear that 
her perihelion distance will be somewhat diminished, and 
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tlnis ihc lonj;cr axis ivili be iiicreaaod in lengtlij nnd the 
\ii;rioA of vevoluiion of tlio Hiooii will, in liko Jiiitiincr, Ijo 
iiicrciised. 

'J'liesc changes Imviiig been once acconipHHhc^iJ, and tlio 
moon having taken up her new orbit wndoi- tlic action of 
the new foreus, so long as these forces romuiii constant, 
that is, so long as tlio sun remains fixed in position, the 
now orbit -ffill remain as invariiil>lc as did the old before 
the introduction of the sun. All the changes aceoni- 
plislial by tlio sun's pow'cr, whereby the new orbit ia 
made to diflcr fi-om the old, ai-o called, in astronomy, 
pfjiurbathns, and the sun ia called the dhliirhhiff hotly. 

I lut w now suppose the sun, retaining its distance from 
the carih, to start fi-oin its |)osition on the pi-oloiigation of 
the longer axis of the moon's orbit, and to commeneo ii 
I'ovoliUiou around the earth in a circular orbit, lying in 
the pliine of the nioon's orbit. A little rciiection will 
show us that the moment the <)isturbing body commences 
to move, the direction of its attractive power upon the 
revolving moon will begin to change ; a new set of 
disturbances will now commence, not nflecting tho new 
fiytire of the moon's orbit, but changing tho position of tho 
principal lines of tho orbit in its own plane; for it is 
cltiily muiifcst tbu tin, Mion ;eH( po«n wdl be evoittd 
to diaw the moon i«ny fiom tin, ciith on tho Imo joni- 
nig tho centei-s of tlio eiitb and sun, md liuiu the 
aphelion |>omt of the moon's oibit «dl neu-^ndv try 
to follow this moving line The subjat wdl Ijo inidi 
ptanui by nn cvinunition ol the iiguic below, m whiih 
i' jipicaents tin, ciith in tho focus of tin, moons 
oibit S the phee of the sim on th< ptolon ition of 
1' Af tho lon^'ii iwis, V thi pui tc, and M thi ipu 
git I't th( muoTi -j ojbii 111 I m ihi, un he Ktnotcd 
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to S', and tbevo reniniu stationary, it is iiimiifeat tbiit 
eacli time tlie mooii crosses the Hue K S' it will bo aub- 
jucted to the liioat jiowei'ftil influenco to dvaw it an^ay 
from the earth at E ; and iii eusc the sun remain station- 




ary for a siiificiontly lonj; time at oach of the moon's 
royoliitioim, the point M ivill approiicli M', ami finally it 
will actually full on M', whore it will remain fixed, so 
long 03 the RHU ia stationary. 

Ill ease, ttowevcr, the sim again advances in the fi^iine 
(lircclion, the apogee of tlio moon will iigaiii advance, and 
should the sun, by successive stops, slowly perform an 
entire revolution, pausing at each step sufficiently long for 
the moon'H apogco to como up to tho lino joining tho 
centers of the earth and sun ; when the revolution of tho 
Bun shall have been completed tho revolution of the 
moon's apogee will, in like manner, have been finished. 

if, instead of supposiiig tiie snn to advance by succc-sivo 
8te|«, we admit his uniform pTOgreas, it is clearly muni- 
feat that in eaeh revolution of tho moon, tho apogee of hei- 
orbit must advance a <«rtain amount in Urn dii'cciion of 
tho sun's motion, and, in tho end, a complete revolution 



of the moon's nj>ogeo 



will be nccomplislied under the dis- 



turbing inrtuence of the 8Hn'.s attruution. 
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AVo have Koeii tliat if llio sun wero stiiUoiifiry ]ita 
di(itui-l»ing poivur woulil only go to cliiiiigo the liguve of 
the moon's orbit, leaving the Oiveotion of the longer axis 
uudislui-bcd. 'I'he revolution of the sun in a cii-eiikt- 
orbit by alow degrees aceoniplishea an entire revolution 
of the apogeo, or of llic lino of iipsiilca, and tlnis, in c;iso 
the Hiio of apsides should perform its rei'olution in » 
period wliioh shall bo an exact niultipio of the porioil of 
the sun's revolution, then at tlio end of one such cycle 
the moon ivill have pasocd thmugh all the changes which 
cim arise from the disturbing inllucnoc of the sun. iriieso 
changes «ill thiiifoio ho stiit.tly periodical, and in tlio 
end tin, moon ^\ill ictuiii to it-i fnst position, and will re- 
peat the Millie idcntiL d clnngcs fjrc\er. 

Wo will now considci the bolii orbit to ho elliptical. 
This mvohci h\ ncec sity t pcipttuiil cluinge in tho 
sun's disf mte ^nd ss ins distuibm^ power varies in in- 
tensity myci-'ely with the mjuuc of his distance, it is 
mimifcat thit thH\ination in the disturbing foiw. will 
introduce a corrcspondnig variation into tiie figure of tho 
nsoon's orbit. If the sini be supposed to advance toward 
tho earth and the mooiij in tho direction of tlie lino of 
apsides, its disturbing power would be exerted to draw 
the moon further from tho earth tho neai-er tho sun ap- 
proached ; in other language, to increase the mngnitudo 
of the moon's orbit and the period of her revolution. 
This action will be varied in ease tho sun reeedo fi-om 
tlic iMirth along the same line, and if this approach and 
ifccss ivere niadc by suceessivc stops, at inlervals suf- 
ficiently long to allow the moon's orbit to assume a fisetl 
form, then one vibration of the sun advancing and rc- 
cediisj; through equal space, wonld work out a Hurica of 
chuM^e.-i in {he form of the moon's orbit identical with 
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those (iflcomplishcd by each 8ueccs.<ivo vibration, while in 
all thfise clisiiges tiio tiirection of the liiio of inisidea 
would remain fixed. 

If now wc suppose the advance find recess of Uio snii 
to 1)0 cfteeted by its revolution in an elliptic orbit, then 
we hIciII find ibo clmngcs of figure in llio moon's orbit, 
just iiolicori, as duo to tlie sun's oliango of disfiincc, will 
be eonibiucil with an advanco and fuiul coinpleto revolu- 
tion of the Hno of iipsidea ; and admitting the fi;;iire of 
the mho's orbit to roniain niieliangcd, and the principal 
axiaof its orbit to remain fixed forever in position, a time 
ivill come when the sun will have been piTseiitcd to the 
inooii in every possible position, and all tlic changes in 
tlio figure of the moon's orbit, and the rc\'olution of the 
line of apsides of tlie moon's orbit, duo to the rcvoliHiou 
of tlio SHH in his orbit, will liavo been acconi|tlisbod. Tlio 
moving Ijodies rcturr* to tlicir primitive points of depart- 
ure, and a new cycle of elianges begins, to be repealed, in 
the samo order forever. 

Thus far we have supposed llio lino of apsides of tho 
sun's oi'bit to remain fixed in position and unchanged iu 
length. It is nmnifest that a rovohuion of tlio lino of 
a])sidcs of tho sun's orbit, definite in period and iluctua- 
tiona in its length also periodicid, would introduce addi- 
tional (Iiiotuationa in the mofiii'a motion, and in Iho 
length and jrasition of the principal axis of her orbit. 
But while wo rise in eomptexity, and while the periods 
requisite for effecting all thcso changes expand into ages, 
we still recognise tho grefit fact that peiiodicily re- 
n«uns, and that in the end, at tho termination of a vast 
cycle, tho revolving bodies inust i-elnrn again to their 
points of deimrturc to repeat the Siimo idontieal ehiiiigea 
thwugli endless ages. 
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In all our reasoning thus far we have supposed that 
the three bodies under consideration always lie in the 
same plttne ; in other language, that the planes of the 
orbits of the moon and earth coincide. This, however, 
is not the case of nature. Aa we have already seen, the 
moon's orbit Ja inclined to the plane of the ecliptic under 
an angle of about 5"— the line of intersection of the 
two planes being called the line of the moon's nodes, 
which line must, of course, always pass through the earth's 
center. 

We shall now proceed to take this inclination into 
consideration and ascertain whether the sun a disturbing 
force has any and if any what effect on the j sition of 
the line of nodeq and on the mclination of the moon's 
oiiit For t! a purpose !et ua supj sse the e^lth to be 
stationary and th it the line of nodes of the moon's orbit 
holds a position perpendicular to the line joining the 
centera of the earth and sun, and that the moon starts 
from her ascending node to describe that portion of her 
orbit lying above the plane of the ecliptic. The power 
of attraction of the sun will manifestly exort itself in 
Buch manner aa to cause the moon to deviate from its 
old orbit and to describe a new orbit, which will lie in 
aJl its points a little nearer to the plane of the ecliptic. 
The moon will not, therefore, rise in this superior part 
of her orbit as high above the plane of the ecliptic as she 
did before her motion was disturbed by the sun ; and in 
descending to pass through her node she will clearly reach 
the plane of the ecliptic quicker than she did when un- 
distnrbed, and pass through her node at a point nearer 
to herself than that occupied by the former node ; in 
other language, the old node comes up to meet the ad- 
vancing moon, and thus takes up a retrograde motion. 
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Let ua now oxaaiiiio t)io motion of tlio moon in Uiat 
iwrtion of hor orbit lying iioncath tlic plane of llio t^liji- 
tic iind most remote from tiio sun. Hci-e llio hhu's dia- 
turbing influence will bo (liminishetl somewhat, in conse- 
qiiGHCo of tlic increased diaf unco at wliich it oporateH, but 
its clTect will maiiifcstly bo to cause tlto moon to ddRCiid 
move liipidly and to reach a lower point bcncalli tlio 
ecliptic than when undisHivbed, incrca3ing the iucliiiatiou 
of the plane of the orbitj and cauainj; tlie moon to reach 
lier ascciiilinj; node at a point earlier tbiin when undis- 
liirbedj and thua producing a rotvocession or rctrogrado 
motion of the line of nodea. Tliu3 it appears that in the 
long run the sun'a disturbing influence will tend to 
change within eeriiiin limits the angle of inclination of 
the moon's orbit; and, iiulced, if the earth were lixc<l in 
position, would finally destroy thia inclination entirely, 
i-cducing the piano of the moon's orbit to absolute coinci- 
dence with that of the earth ; but as the moon ia carried 
by the earth ai-ound tUo sun, and as the moon's orbit in 
the courao of an entire rovohilion of the earth ia thua 
presented to tho aun at opposite points of the orbit under 
reverse circumstancca, there is a eompcniiation accom- 
plished, so far as the angle of inclination ia concerned, and 
also a partial compensation in the retrogression of the 
lino of nodes of the moon's orbit, but not such aa to pre- 
vent, in the end, a complete ircvolution of tho moon's 
nixies in a period ivliich wo liavo alroiuly seen amounts to 
eighteen years and two hundred and nineteen days. 

Wo havo thus attempted to present a general account 
of the effect of a disUirbing force. Those same principlea 
may \to extended yet further, and will give a general 
idea of tho cfl'ecis produced by the plunols iind thoir 
satellites upon cuch other. 
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If wc return for a moment to the hypothesis that Uio 
earth is the only planet revolving ahout the sun, the inag- 
iiitixle of its orbit, as woU as the length and iiosition of the 
Jino of apsides, ivill i-emain for over fixeil. If, howcwr, wo 
introduce into our system a not? planet revoivinj; in an 
orhit interior to that of tho ciirtli, whatever fei-ce Is oxerted 
upon the earth liy the ntti-activo power of this new j)lnncfc 
Avill go to reinforce the power exerted by the mm; and 
lience the (iisturhin;; inlhiencc of tho planet will tend to 
diminish the majjnitude of tho earth's (irhit, and to de- 
crease its periodic time. If tho disturbing planet revolve in 
the same direction with the earth, by a])plyiiig tho roiiKon- 
ing hitherto used we shall Rnd that its effect will be to cnuso 
the porihelion jjoiiit of the earth's orbit to advance and 
i-ctreat during the revolution of tho disturbing body, 
always leaving, however, a slight preirondcranco of tho 
advitneing movement over the reti-ograde. 

In case the disturbing body revolve in an orbit ex- 
terior to that of the earth, then its cfieot will bo to ex- 
pand tho earth's orl)it and to increnae tho periodic time, 
while the influonco exerted upon the position of tho lino 
of ajisides will, in tho long run, produce an advance. 

The reasoning hitherto employed with reference to the 
inelination of the moon's orbit to the ecliptic ia directly 
appiicablo to the enect proilaccd by any planet upon the 
inclination of the orbit of any other planet, as referred 
to a fixed plane. 'J'akc (lie earth for example, and let 
us consider the eftcct of any planet either intoi-ior or e.-s- 
terior upon the inclintition of this plane to any fixe<i 
plane. So long as the distiii-bing Iwdy is revolving in 
that part of its orbit lying below the plane of tho eclip- 
tic the tendency of the disturbing force will bo to draw 
tho earth from its undisturbed path below the pluije of a 
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fiKis] ffliptio, ^\bilc this oficet will bo vevci-scd wlienovtsr 
tlio tliHtiirliiiit; planet shall jra«3 tlirouglt the |)lFino of t!io 
oeliptlGj and coiiunenco the flescriptiou of tltat part of its 
oi'bit which lies above this pkno. 

¥fQin iho above rciisoniiig it is olourlyinaitifi'Hf that m 
not a Bolilsuy planet or satellite is moving umlistuvlxHl 
umlci' the attractive power of ils primary Hoily, not oiio 
of tho licnvciily bodies deacribcs rigorously an ulliptio 
ovbit, nor does the lino joining tlio sun with any planet 
Hwccp over pvociscly etpial arc.n in equal tinio.-i, noitbor 
are the K(|uaies of the periotlic times of iho planets exactly 
proportioned to the eubcs of tboir mean distances from the 
sun. In sliorfc, every laiv of ICcpler, wbercby perfect 
harmony scomcd to be introduced among the heavenly 
bodieSj is now scon to fail in conficijuenco of the law of 
universal gravitation, and wo find ouraolves surrounded 
hy a problem of wondorful grandeur, but of almost in- 
finite complexity. Before this problem can Im) fully 
solved wo must measure the distaueo which separates 
every planet from the sun, and which divides every satel- 
lite from ita primary, wo must weigh tho sun and all hia 
planets and every satcllifo ; wo mnst doteriniiic the exact 
periods of revolution of each of these revolving worlds ; 
and when all this is acoompHshed, to trace out iho it!- 
ciprocal influencos of cacli upon ibo other demands 
puwora of reasoning far transcending the abililies of tbo 
niisit powerful genius, and hcnco the mind must either 
fo»-ego the rraolution of this problem, or prepare for itself 
Home monhd machinery which shall give to thought and 
reason the sanio meehaniciii advantages which are ob- 
t^iined for the physical jjowerii of the body hy tho in- 
venlion and constnwtion of the mighty engines of modera 
inecbaui'Ki. 
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Tliirf has iiclunily been uccoiwijliHlici:! iu tho <iIacovery 
;iuil giaiJiiiil iicrfi'otion of a hraiielt of imtltcriiuti(^ uaUt^ 
tlic iiifuii/i/siiiu'J anahjsis. Up to tlie Umo of Newton, 
llic inidil cmiiloycil alonu tlic reasoning of (geometry in 
llio tixsi til i( lilt ion ami diacnssioii of the |)TOl)lems prCMcntetl 
ill tlic licavcns. Even Nowton hiniaelf wits content to 
liublisli to tlie ivorlil tlio rcsulta of llic appliciitioii of tlio 
Ijiw of gj'iivilation to tlio movement of tbc plancLs and 
tlicir Katcllitea untlcr a geometrical form, exiiibiliiif;, in 
the uso of tlicac old methods, u, sort of gijjaiitio jioMer 
ivlitcli has uvor rcniaitied m a moiimnent of liis ivondor- 
I'ul ability. 

Ke ivaa, hD^^■evcl■, ftilly conacioiia of tlio fact, tliat tlio 
iniiid dcmaiidctl for its uso, in a full investigation of tlio 
liliysieal iiiiivcvsc— in the pursuit of tticso flying worlds, 
journeying through apace amid such a crowd of diatiirli- 
in' inflncncti^a fu moio buhtlt pliiblt, uid powcUuI 
mtnt\l imcliniuy ihan tint fitumhul m llio cumbioua 
foims of oCO»n,UiLiI UT^onni^ Con%iou3 of thw wmt, 
till, j,:'iiiu3 of Jnewton supplied tlio difieicncy, and j,mo 
to tin- \*oiki the tnltmUsimal ann/i/bii^ wliitli, as nn 
pro\i.d md i\t(,ndcd bj tin, suceossois of tlio gieit hn- 
gliah philosoplici, Ilia cmbled man to ncconiplnh leaulti 
nhieU seem to place him almost among tlio god^ 

Tho plan of oui \\oik doc^ not peiniit any attempt to 
explain the nituic and j iviua ol tins ncH niilliol ol 
u«M)nmg W t, Lin only lUusUato impeiluotly tin. diii<.i 
cnco betneen thi, uso of j,eometiy and 8nil\si Hn, 
dunonstrition of a problem by geomctiy duiiUKh tint 
llic mind shftH eoinpuhcnl ^nl hold the fir^t slip in Ihi 
(rain of i-casoruni;, then, while the fii-st k liold, the accond 
must be comiii-elii^niiud, and wliile intiiiiUy lioliling theso 
two steps, tlio Lhird must be m;t,''ti;rcd and Jiold, while 
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the liiiml advances to tlic fourth step; thus pvogt'cssiiig 
witli a (>3iistitiit.ly accuiiuilating weiglit ojjpressiHg the at- 
tention, and tending to crush and dcatroy furtUor oltoi't 
to advance, till, HmUy, the steps beooiuo so numerous 
and complex that only tlioso ])0iHcs3ei.l of a genius of sur- 
imssing vigor are able to reach in safety the last step, 
and thus grasp tlio full demonstration of the ])iol)h!ui. 
BucU is tlio reasoning of geometry. 'I'hat of analysis is 
entirely diftbrciit. Hero the great cftbrt is put forth to 
master fully and perfectly tlie conditions of the problem, 
and then to fasten upon the problem thus mastered the an- 
alytical machinery demanded in its re^olulion. 'J'his once 
acooniplished, the mind puts forth its energy aiMl accom- 
plishes the diiit step, and may there i>lop and rest, in tho 
full confidence that i>hat lias Ikscu gained eiui never bo 
lost. Days, oven months may pass, before the problem 
lie resumed, but in this lapse of time thcTO is no loss, and 
tho investigation may be taken up pi-ccisely where it was 
left oil'; and so one step after another may bo tafeen, 
each dependent on the other, but ei\eli in some sense 
stereotyped as the mind advanccji, and remaining fi.xefl 
without tho putting fortli of any nu'utal eHort to retain 
it. In short, geometry demands a vigor of mind sufltei- 
ont to grasp, and hold at tho same instant, every linlc in 
tho longest and most complex chain of ivasoning, while 
analysis only rcquii-es a power of genius sufiicicnt to doiii 
with individual links in succi^-fion ; tlun, in the cml, 
reaching the conclusion by short and comjiarativoly easy 
mendl marches. 
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y 

ha wl c. f Q 

naed ood{,n nay 

a oaeq a pea c a 

sinned iveigltt of his sun, and planofa and saloHitcs, ond 
with tiioir assumed didtaiicea, aiul with tlio aastimiid di- 
rections nnd intensities of tlic inipulsivo forces, lio may 
master, by annlytical reasoning, all the eii-cunistances 
attending the revolutions of these supposed worlds, und 
thua trace tlicir imaginary liistory for ages, either past or 
future. 

This is the ivork of the pin-c iiiuthcmittieiaii. 'Pfic 
phyrtical nstmnomor takes up the genensl nKflhcjinaliu^il 
reasoiiiiii; thuH perfected, and to eiiipkiy it in uviling out 
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t\ I, iii tt ) of tlic 10 tl Irotlius coiwtitutin^ ttic solti s^s 
t ii) )i mist mLifauio tlio aclutl ili-jtinas bctttwii tlio 
Sim uid till, phnetti and tiio distancoij iioiu oicli piiiii uy 
to lis '.'itillites liO must weigh ex tctly tlio sun and c k h 
of tliO phiiPts ami satellites and lio imist nit isuie iii 
soino \\t,y tlio diicctioii ii d intuisity of tin, iiijmlsno 
foias by which tho phnets lul thou sitcllitcs «uo pi j 
J ctul ni then itsjiLCtno oibits 

Wo shall now pioccul to bhow that tho dutcimiinti la 
of sll tlast- qiiintitiLs dqicnda on ixut ittiommi(-tl 
iiicisuioni(,nts iihich lucisuicinuits dunmd tho imoii 
tioii and construction of iiiBtrumcnts of tlio liiglicat order 
of power, dcticaey and perfection. 

'I'o WKHiJE 'tm: sux ani> i'i.anlt.s.— I-ot itbo homo in 
iiiiiid that tlm law of fjravitation assorts tliat hodios at- 
tract witli !i force orpoivcv directly in proponioii to their 
iiiitss or weight. Hence a Him, woigliiiig Iwieo as much 
as tho central orb of the solar system, would (at the 
same distance) attract with a double force, 'Dhe aamc is 
trno of the earth ; and if it wei-o iiossiblo to hollow out 
the interior of the earth until its weight were reduced to 
one-half of what it is now, its power of attraction would 
bo diiuioishcd in the same exact proportion. 

'J'huH, lo know with what power tho sun or any planet 
or any sjitellito attracts a bocly at a given dlsianeOj wc aro 
compelled to aseertain the exact weight of tho sun, planetj 
or siitcllito. 

Wc shall show hereafter that it is poasiblo to I'etch an 
appi-oximate value of tho weight of the earth iu pounds 
avoirdupois, bat for our present purpoae it will bo sulfieient 
to state that the weight of tho earlU is well represented 
by the intensity of its power of attraction at a unit's dis- 
fcmeo from its center. For this unit of length wo will 
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take tho earth's radius, and jionce a body on the Hurfeco 
ia atti'acted by a foi'co or jiower suoli aa will iiH^iiauro the 
mass OP weight of tlio onrth ; but tlio iiiteimity of any 
force ia meniitired by tJio quinitity of motion it h ciipiible 
of generating in a given tiino. Jleitco tlio intensity 
of tiiQ earth's ntti-activo power will be correctly meas- 
ured by flio velocity it inipi-esses on a body free to 
fiill, in, say, ono second of tiriio. This is a matter of tho 
simplest experiment, by which it is found tliat the earth's 
attractive power generates in one second a motion in a 
falling Iwdy such ns to carry it over a space ecmitl to 
iilwut sixteen feet in ono second. In case the earth were 
twice as heavy, the space passed over hya falling body in 
one second would be doubled, and so forward in like pro- 
I)ortion for any increase of weight. 

Having thus found a measure of the weight of the earth 
in llio space passed over in a second of time l>y a falling 
body, Ineaao it wore pc«sible to transport this body to 
tho surface of Uio planet Venus (assuming the diameter 
of Venus and ihe earth to be equal), then permitting it to 
fiiU, and measuring the space over which it piisaes in ono 
second, this space would hold the same proportion to six- 
teen feet as the weight of Venus does to that of tho earth. 
If tho diameters of tho idanuls arc unequal, then wo 
must take info account the tiict that the ladling body ia 
not at equal distances fioin the ccntera of the planeta, 
and that the force of attiaction is thus dimininhiil in- 
versely as the stiuare of the distance from the center is 
increased. J^et us attcmjtt to weigh two planols whose 
diameters are in tho proportion of one to two. At the sur- 
face of theaniuller planet suppose the body falls sixteen feet 
in ono soeond, while at the surface of the larger pbtnct it 
piissiSi over sixty-tour feet in the same time. In ease tho 
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iliametcrs were equal this result would bIiow iliat ono 
hw\y Wiis four tiuita as hciivy as tlie otlicr ; but the fall- 
iiig body is twice a3 far frotii tho center of the lar^ 
planet a.s it is from tlie center of tbo simill ono, and lieuco 
ihe foi-co or jioiver of attrnetion of the lurgo plunet is 
only one-fourth part what it would liave been in case the 
falliiij; body had been bi-ought to within one unit of it.s 
center. If, tliou, with an energy reduced at a distance 
of two units to ono quarter, it causes a full of sixty-four 
icet in ono second, the cutiro energy would, at a unit's 
distance, cause a fall through four times sixty-four foot, 
or through 256 feet, and hence tlie weights of the plan- 
ets under examination are in the prOj)ortion'of 10 to 
250 or 1 to 16. 

'I.'lic train of reasoning hero presented niay Ijc extended 
to embi-aco any given case, and if it w'crc possible io 
make the experiment of the fallitig lioily, aa above do- 
soril)e<l, at the surfaces of the sun, planets and satellites, 
(admitting that we know tlie dianieteii'S of all these bodies,) 
then would it be possible to ascertain their masses, m 
coin|iaretl witii that of the earth, taken a.s a unit. 

But it is im[x>Bsible to pass to tlio sim and planets for 
evich cxjwrinicntation, aiid honco wo must devise ponio 
SttlBtitiitc which may fall within the limits of praclic-ubil- 
ity. 'I'o obtain the relative weights of tlio sun and earth 
we Iiavo only to call to inind tlie fact that the moon, v»n- 
dev the |iower of the fiirth'^ aifnietion, is ever falling 
away from Ihe reelillnriil path in which it would fly 
but for tliia very power of attraetion, wliib in like 
manner tho earth is ever fiilling away from (lie lij^ht 
line in which It would n»ovc but for ihe attractive 
energy of the sun. Here, then, an: two bodies, tho 
earth falling to the sun, tlie moon falling to tho earth ; 
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aii(l in case wo could nicasuro ttie preeiso dtslaneo wliicii 
caoli of these bodies fiiUs, uiulcr the rcspectivo poivcra of 
attraction exerted on tloem, taking info account the ofl'ect 
pvoiluGcd on the two forces by tho inequality of tlio dis- 
tances at ivliicb they operate, wo aliould reach ttio exact 
relative iveijfhts of tlio sun and eartli. Tims, adjiiilliii;; 
that tlio distance at whieli the sun operates on the earth 
is 400 timra greater than the distinicc at wliioh llic Ciivdi 
ojicriitcs on tlio moon, in caHO the oftcets were cipial tlio 
fiun would be 160,000 times heavier thim the earth, Biiice 
its power of attraction is reduced by the distance in this 
exact mtio. But again, admitting tliat wo find, even 
with tliis liigh reduction, the son's power on tlic eartli is 
Blill two and a half tiinca greater than tlic earth's power 
on the moon, (as is shown in their respective deflections 
from a right iino in ono second of time,) then will tlie 
sun be 21x160,000 thn«j heavier than the enrlli, and 
this, indeed, as we shall find hereafter, is iibout iho re- 
lative weights of theso two globes. 

'i'o resolve this great problem, then, of weighing the 
flun against tho earth, wo must first measure the sun's 
distance and tlio moon's distance, and the exact amounts 
by which tUo earth and moon are caused to fitll away 
fi-om a rectilineal orbit in ono second of time, whieii uieaa- 
iivements demand mstntmcnis of the highest onler. 

To WEiail AHAIiSSX THE EAUTH, A I'l.ANKT ATrKXl)J':i> 
Iiv A SATKLLITB. — In case any planet be alteniled by a 
satellite, if we can incafiure the precise distance fejjarat- 
ing these two bodies, and determine the period of ixjvolu- 
tion of tho sateilito, ivo can thcnee derive the weight of 
the planet as compared with that of iho esirth. 'i'o fix 
our ideas, let ua aupjKisc Jupiter's neai'cst satelliUi to bo 
m fiir from Jupiter as our moon is from the earth, and to 
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perfovin its orbital revolution in ttio saino exact time oc- 
cupied by the moon. 'Vim. would pi-ovo Jupiter lo bo 
just m heavy ns tlio earth. Jtut sH])po30 now tbiit iifc 
equal distances Jupiter'a moon revolves ten tiuKa an 
rapidly as the earth's moon, this fact proves that Jupiter 
jiuist lie one Imiidercd times as heavy as tlio earth. '.Hhh 
is evident from what wo havo already said, that tlio 
centrifugal force in any revolving body increases as the 
square of the velocity ; and as tlio moon of Jupiter is 
now SHpirascd to rc\'olvo ten times as fast as otir moon 
its ceiitrifui;al force ivill he one hundred times m great 
as tliat of tlio earth's moon ; and hence Jupiter's attrac- 
tion to counterbalance this tendency to fly fi'om the cen- 
ter must be one hundred fold greater than that of tlio 
earth. This is on tho Iiypotlicsis of otpial distances. 
But if Jupiter's moon bo supposed to he twice as romoto 
from its primary, and to i-ovolvo ton times as rapid as 
our moon, then will it be demonstrated that Jupitor is 
one hundred tinges heavier, on account of the square of 
tJic velocity of the revolving moon, but this weight must 
bo mwltiplicd by tito sqnam of two on account of tlio 
double distance at wiiieh it acts, Hence, under tlieso 
cii-cumstiinces Jupiter would be 400 limes as heavy as 
tho earth. 

Thus, to determine the weight of a planet in terms of 
tho earth's ivciglit as unity, wo must learn the exact dis- 
tance and periodic iimc of our moon, and also the interval 
by which the planet and its moon ure separated, as well 
as the period of i-evolution of tho satcllito, all of which 
again demand the use of inslrumenls of a high order of 
accuracy mid delicacy. 

To WBKSH A PLASET nAVISS SO SATKU.ITK.- -'riireo 

of the planets, viz. ; Mercury, Venus, and Mar.^, so 
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far as tiiown, uvc not accompanied l>y a moon. Tlio 
prccctling methofl of obtaitjitij; (lie iiiits.i or weiglit will 
not apply to cither of tlicso planets. It h only afwr 
act[iiinng a, very exact knowlcdgo of the movements of 
tlio ijlaiiots wiiose musses tnay bo tlcrivert from tlieir satul- 
litCH tlmt it becomes possible to dctcvintne the weights of 
till) rcnminiiig planets, l.ct ua suppose that llio cartll 
alone revolved around the sun, and that ita orbit ivna 
pcrfoetly dcfornjincd. In an exterior orljit of known 
cliTncnsions lot \i3 place tlio phmot iMiii-a. This will ut 
once modify the former orl)it of the cnrth, and the chanKo 
iviU depend, in (piantity, upon the mas^ of the now planet; 
and in case it became possible to mciisure these changes, 
tlicir values ivlll give the weight of the body producing 
them. 

The same hypothesis remaining with rcfore^ico to the 
car tli'a orbit, we may imagine tlio new phinet to I'cvolvo 
in the orbit of Yenus, interior to that of tlie ivartii, and 
the same kind of investigation will lead to the determina" 
tion of the mass of this interior planet. 

Wc shall SCO hereafter that certain periodical comets, 
favorably located, furnish the meinis of corroborating the 
i-esuUs reaclietl by the above ti-ain of rciisoning, by tbo 
data their perturhations furnish for reaching tho miiss of 
tlio planet producing tlieso cffoola. 

To WKiiii! TKi; s.vTi:r.i.rri:;i. — Tlio effect produced by 
the moon on the earth in eansing the figura of its orbit 
to Mwuy to and fto under tliD inooa'a attractive power 
furnishes again the (lata whereby tho idckib's nun's may 
be determined. In the case of many satellite to the 
Siiine planot, their effects on each other being carefully 
determined, ftirnish the meuna of compHtitig their masses. 
This, however, is a diflleult problem, and one in which a 
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BoluUou hns been eftcotcd only in tlio system of Jupiter. 
The masaea of tlio satoHitos of t!ic oilier superior pUnietst 
have HS yot not beca obtained witli any reliable cer- 
tainly, 

^Vo Imve Urns presented mctiiods by wliieb tbe loiisscs 
of Itie nun, plaiicts and BatolJites may bo obtiiiued, jim- 
vided certain nioasurcmciits can be made, wliicli ineaauro- 
mcnts demand tlie aid of powerful and acenrato iuslni- 
meiits. 

'I'ho t/hl'Dices separating tbc sun and pbinots, and 
aoparating tlie primaries and their satellites, imiHt bo 
obtflinctl Iwfovo wo can trace the history of any ono of 
tlicso revolving worlds. Wo liavo already explained tlio 
processes by which tlie earth's dislanco from tho sun may 
be obtained by the uso of tho pbcuomena attending the 
ti-an.sit of Venus. This problem again demanded irislnt- 
menial measuremenl. Admitting the earth's distance 
fi-om tho sun to bo known, Kepler's third law will givo 
the dlHtances of all tho planets of our system, provided 
ive have obtained their periods of revolution around tho 
auii. Tho method of obtaining tJic periodic times has 
also been explained, ami in this pvoeesa instrumental 
mfisuremenls aro demanded. 

In like manner, to reach the periods and disbincea 
of the Prttellitcs, their elongations, oecultitlions and 
eclipses, mnst bo carefully measured and noted, demand- 
ing inslruments of a liigh oixler. 

To ti"aco a planet ov satellite, in addition to tbc quan- 
tities already j>ointcd out, wo have seen that we must 
know tho intensily of the imptilsim force by which it 
was pi-ojected in its orbit. But wo have seen that the 
intensity of any impulse is raeasurctl by tbc velocity it 13 
capable of pioducing in a UTiit of time. Admitting, 
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tlion, that .wo know tlic distanco of a planet fi-oin tlio 
sun, and its jjcriod of revolution, we Ifnow iho velocity 
with which it movos, in case its oi-bit bo circKliir. 'I'lio 
cartli, for example, in 3G5} ckya aecomplishca a jonr- 
ncy 3-ound flio stm in a oirclo whose diaiiietcr is 
190.000,000, and whoao circnniforonco is equal to this 
quantity taken 3.14156 times. Ilencc, by dividing the 
number of miles traveled in tlio entire circuit by the 
number of days occupied in tlio journey, wo have the i-iitc 
]>or diem, or velocity. Dividing the space passed over 
in 0110 day by Z-l, wo have the rate per hour, and finnlly 
may obtiiin tlio rato per Kccond. If the orliit be not 
ciroular, wo can alwiiya find a circle wliieh, for a very 
short distance, will coiiicido with an clliptiw or other 
eurvc, and on tjiis circle we may suppose tlio planet to 
move for a very short time, as one second, with uniform 
velocity, and the space paaswl over in this unit will 
again measure the intensity of the impulsive force at this 
part of the orbit. Here again wo have presupposed a 
knowled)^ of the magnitude and figure of the cUipfie 
orbit before tho intensity of the impulsive forco can bo 
itiacUcd, and to dctermino these qiuintilios instrumenlal 
measurement is demanded, requiring tmlrumc-nts of ^vnat 
perfection. 

The last quantity demaiuled by tho mathematician in 
writing out the history of a piaiiot moving iis ;-ji;ic- i-i 
the direelmi of the impulsive forco projeetint; i; i 1: , 
orbit. This is readily obtained when wc sli.til hiv,' 
learned the exact direction of a Hne tangent to nity point 
of the planetary orbit ; for the direction of the impulse 
must always lie tangent to tho eurvo descrJiKil by tho 
body set in motion. If we join the phtnet with the sun 
by a right lino, this lino will form an angle with titngent 
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to the plaiiotary orbit; aTid ivo sliall fiiul iierciiftcr tliufc 
tho nature of the orbit wilt depend upen the raluo of ihk 
nnglo, or in other language, on tiio dircetion in wliieli 
the i!n|niiso h applied. 

Thus ivo fmd that not a single quantity of the (ivo 
requii'ed to determine tlio circu in stances of motion of a 
body revolving under tho lawa of motion and gravit.ition 
can be rcaclicd «itliout inslrumental measurcinnnt ; so 
that our entire knowledf^o of the physical nnivorsc lianj^.-j 
at last on tlic accuracy and perfection of the instrumvnls 
wliicii Iiavc been in^'cntwl and constructed for making 
(Iieae raoasiirca, a fact -ttbiclL elevates inslnmienlal as- 
tronomy to a position of the highest dignity and im- 
jjortanco. 

'L'lic me!i3uro3 demanded in instrumental astronomy are 
divided into two great classes, \n tho^^r.fi cUiss all the 
measures of position are absolute, that is, a star or planet 
^1 hose place is thus determined is located on the celes- 
tial aplicrc, and fixed for tlie moment in position by a 
measure of its distance, say, ft-oni the north pole of tlie 
heavens along the arc of a great circle, and also its dis- 
tance jnoasiivcd on tlio equinoctial from flie vernal equi- 
nox, or from some other fixed points which may have 
been aclcetcd. In tho second cl<is.i all tho measures are 
relative tsr differential ; that is, an interval lietween two 
\mni3 in cltso proximity fe dotermined. 'So this (^.a.m 
belong tlie measures of tho diametew of the sun and 
moon and planets; the elongations of the satellites from 
tlioir primarily ; tho nicasures of tho transits of Venus 
and JNIereury across the disk of tho sun; tho miBSHi'ca of 
the solar and lunar spois; tliO distances between the 
double and multiple stars; in short, all those measures 
involving incie dillci'cncca of position. 
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Kteh of tiic-c (-hsaCi) of mtiatireii dcimiirt-) il-j own 
pu-uliii ind apjMipiintc inahiunuita, titdi ot tliuii ni 
\ohing tlic eUti icquacil m tlio sulatiuii of tljc suliliiiKst 
piobloifis of cclcMtnl sciciiLc 

\\c slnU now juoecul to exinbit in outlim, of llio 
sti uctiiio oi a fciv of tlio moat iinpoi hut iiHtiuinonts l)0 
longing to tliust, two ch-jsts only foi tlio puiimst, of pic 
hcntmg the extiiouJiimy OiJlicullics ^^^llUl imist bo 
met and conquoicd in tUo M>ciiiinigly Bimplo inccliiiniciil 
jMoUlcm of fi\mg tlio place of a, stiii m tbc eclcitml 
spliei t, 

I'oi tlio }nij|)osc of giving position to the hoavonly 
bodies istionomeis lefu them to the Builiieo of » clIlh 
till ipliue, nhobo polt,s ikic the ponit'i m ivhiJi tlio 
caiths axis pioloiycd pioitL'f the tphcio of tlio fixed 
Htii9 'lo detennme i ponit on tlit sinfwo of luij 
sphue lie imnt fix its dntiticf, on the iii«, of a gu it 
CLicli. tiom the iioitb pok, und no mu<tt u]w know the 
dHtfliirc of the meiidmn lino on ivhiUi it n locitcd, fioiii 
a lixt-d niuidian. 

Astrononiei-a have chosen for tticir prtine meridian tlint 
0110 Kliich passes through the veviial ei^iiinos, and as tho 
cel(«fia] sphere revolves to our senses with uniform velo- 
city once in twenty-four hours, tho vornal etjuinox will 
come at tiic end of this period (o the meridian of tlic 
place from ivhenec it started. Any object, Iherefoie, 
which crosses the meridian of a given place an hour 
liiter (ban tho vernal etjiiinox has its pliieo fixed somc- 
whero on tha eircuiafercnco of a known meridian, or 
liour cii'clo. If at the siimo time its distance from tho 
north pole can be determined, its position on the eclea- 
tittl sphere will lie positi\-eIj defined by tlii^rc two ele- 
ments. As we have already scon, the vernal e<iuinox is 
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tlio jioint in which the great circle of the heaveii3, cat 
owt liy the iiMlefinite CAtcnsioii of the plane of the eiirth's 
orbit, iiitci^accls the equinoctial circle, or that circle cut 
from the eolcatiai sphere hy the iinlcfinite extension of 
the plane of the oartli's c{[Uidor. If tho vernn! ctjiiinox 
were absohitoly fixed, ami if in that point anfiir iverc lo- 
cotctl, thia star ivoukl revolve ivith all the otlier atitra of 
tho hoavcna onco in twenty-four fiittoreal lioura. 'I.'o 
mark the movement of this vernal cfiniiiox astmnomera 
employ tlio Bideroal clock, lyhoso dial is divided into 
twenty-four hours, and wliieh, when perfectly adjuslcd, 
nill mark Oh. Om. On. at tho inoiuont flic vernal equinox 
is on the meridian of tho place where tho clock i^ lofafcd. 
All points on tho celestial sj>]ici'0 will pass the niei-idian 
necessarily at intervals of time marking tho jjosition of 
the hour circle in whicli they arc located, relative to tho 
prime meridiaTi passing tlnwigh the vernal efjuinox, 
j|?heae intervals of time whicli elapse between tlio passage 
of tho vernal ctpiinox across t!ic meridian of a given place, 
and tho passage of any heavenly body across tho same 
meridian, are called riff/il ascensions. Thus a Ktnr 
which follows the vernal ctpiinox, after an interval of 
2li. :l Oni. 2O3., as marked by a perfect sidereal clock, has 
a right ascension of 2li. 10m. 20s, 

Thus, to fix the place of any heavenly body on tlio 
celestial sphere, two instruments have iMscn devised, the 
Olio having for its object to ineasuro norfh polar tlh- 
lances, while the other is employed in the measurenscnt 
of i'ifffil ttscenshns ; the firet of tliewc is denominatci! a 
mtiral ebxhj while the second is called a trunsH iit~ 
slivmimt. 

"We shall finjt consider the principles involved in tho 
construction of the transit instrument. This instrument 
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eoniist'3 of ■» t(,ks(,opo nioiintol upon an a\i8 pajiomliou 
lur to {lit, axis of tl o talo of tlu tokiCOjK) ihiipoi 
pembeulii hxh toiinnntu it etch exticmity m Iw) 
photi of equal ii/o aiitl pufectly oyliiicliidl m foim 
Toyve auppoit to this mstiumenti solid pia of masonty 
is built, itatuifj upon a fiim foundation, and looUtcd Ironi 
tlio surrounding bxiilding. On tlio upper surlitce of this 
stoiio pier two atono columns arc placed, wliaso centers 
arc separated by a, distance equal to tho lengtli of tlio 
axis of tlio transit ; on tho tops of tlieao coluinna metallic 
plated are fastened, (o ivhich metal pieces are attached, 
cut into tlio shape of the loiter Y, If in these Y's tho 
pivots of tho transit ho laid, in ease the axis he piX'oiaoly 
level, and lying duo oast and west, then tlio axis of tho 
tclescoi>c, or visual ray, heinj; carried around the Iieavens, 
hy revolving the instrument in its Y's, will describe a 
meridian lino which will pasa thiongh tlio north |)ole of 
tho heavcna. If this meridian lino could ho rcnderd 
visibb it would bo possible to note the paa^ago of any 
star or other heavenly body across this visible meridian. 
^I'his cannot bo aceomplished directly, but tho same end 
ia reached hy stretching a delicate fdament of spider's 
web across the center of a metallic ring, and plaoiiig it in 
tho focus of the eye-pieco of tho teicacopo; whou this 
spider's web is lighted up by a lamp, thi-ough a suitable 
orJRco, it is seen as a dcHcato golden lino of light stretch- 
ing acrass tho field of view, and J\«ting on the dark back- 
ground of tho heavens. IJcvolvIng the ring which licars 
tho spider's web, wo may bring this web to coincide, 
tliroughont its entire lengtli, with a true meridian lino, 
and tlius, in reality, wo piijcuro for ourselves a visible 
meridian quite as perfect for our purposes as though it 
were an actual lino of light, swooping from norlli to Kouth 
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across the celestial sphere. To render visible the axis 
of the telescope, or to direct the visual ray, another 
spider's web is stretched across the field of view, in di- 
rection perpendicular to the first, and precisely in the 
center of the field, so that by their intersection these 
spiders' webs form a point of almost mathematical mi- 



Let us now examine what is demanded in the construc- 
tion of the transit to render it an instrument perfect in 
performance. The object-glass and the eye-piece, form- 
ing the optical portion of the tel^cope, should be per- 
fect in their figure and adjustments ; tlie tube in which 
they are placed should be perfectly rigid and inflexible ; 
the optical axis or line of collimaiion should be exactly 
perpendicular to the horizontal axis on which the instru- 
ment revolves ; the pivots should be exactly equal to 
each other, and precisely cylindrical in form ; the koi-v- 
zoitlal axis should lay in a. dirGction exactly east and 
west, and should bo absolutely level. In connection with 
the transit we require a perfect time-keeper. The clock, 
when properly adjusted, will mark Oh. 00m. 00s. at the 
moment the vernal equinox is seen to pass the visible 
spider's line meridian of the telescope ; it must then 
move uniformly during the entire revolution of the heav- 
ens, and mark the zero of time again when the vernal 
equinox returns to the meridian line. Such are the me- 
chanical demands required in the constraction and use of 
the transit and clock ; but to obtain a perfect result the 
observer is required to perform his part in the operation ; 
he must note the exact instant at which the vernal equi- 
nox passes the visible meridian, so as- to set his sidereal 
clock ; this being accomplished, to obtain the right aseen- 
sion of any heavenly body be must seize the precise mo- 
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vimt, ns marked by his clock, itt witicli llio eciitci- of Elm 
object undor observation passes the moridian. 

'L'o obtain, then, the eJeinciit of right aseciisionj TOqiiireil 
to iix the place of a iieaveuly body at a given moment, ivo 
require a |)crfcet transit, perfectly adjiisto(i, a perfect 
clock, perfectly rated, and a perfect observer, with a per- 
fect method of subdividing time into minute fractions. 
Not one single ono of these demands can over l>c met. 
JCvcn admitting the possible construction of a povfect iii- 
Btrument, every clmngo of temperature ivill effect certain 
cliinigcs in the inutcrial of which it is composed No 
two pivots can possibly be made exactly equnl, nor pre- 
cisely cylindrical in form; and shoutd the observor suc- 
ceed in placing tho axis of his transit bo a8 to lie oust 
atid ivcst, as ivell as horixontal, it will not remain in this 
pMition for even a single hour of time. Jf the clock bo 
adjusted so na to mark tito exact zero of time, and to 
move off with a uniform rate, this riifc will soon sensibly 
change, and must bo carefully watched even from hour 
to hour. The observer liimsulf is but an imiwrfcct and 
variable machine, utterly incapable of marking the exact 
moments required, his work being subject to cri-oi's, 
whose values fluctuate from day to day ; and to odd to 
all tlicso difficulties, the atmospliero which snrrounds tho 
earth not only possesses the {wwcr of diverting the iiiya 
of light from tlicir rectilineal path, but beoauao of ifci «)n- 
slant fluctuations and changes produces a tremulous or 
dancing motion in tho stars under observation which, to 
a certain extent, rcndera it impossible to do exact work, 
even with perfect instruments and perfect obacrverd, could 
such bo found. 

We will now examine the instrnmcnt;tl means required 
to determine the second element, the noHfi jtulur dis- 
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firitcc, which is dciiiRjidcd in fixing tlto pkec of a 
lu'iivoiily body. l''or this purpose IcE U8 supjiosc a mahil- 
Ii« circle to J)o pennanoiitly fastened to tho UoviKontsI 
axis of tho transitj haviiig ita center in the central line 
of tho axis, and its plane perpcntlicukf to thia lino. Let 
"3 suppoao tho rim of this ciralo io lo divideil into de- 
firccs, niinntcs and secouda of are, and this division to 
have l>cen perfectly aecompjislied. Let us direct the 
tranHit telftscope precisely to the iiorfh pole of the 
liouvona, and nhon tlms directed let lis fix iipoti the slono 
pier a pcnnanent mark or pointer, directed to the zero 
pohit on tho divided circle. As ivo turn the tiantit away 
from tlio north pole toivanl the wuth tho siem jioiiit on 
the eii-chi \vill in like manner leave tlie lixed pointer, ami 
thus the diHtanco fiom the north |io!o to any ohjeet to 
which tho tclcHCope may bodirectetl will he rend on tho 
dividctl circle- fiom tltc zero roun<l to the division to 
irhieh tho pointer directs. Such iin instnnnent is calloil 
a mvridiaii drcto. Iloro ngaiti new mecliantcal difli- 
cultio)} present themselves The centering of tho ciix-le, 
the perfection of tho divisions upon iU eiruumfereneo, a™ 
niatlerd which cannot be acconipliahed with aluolutc ac- 
curacy; and even if this were po-fsihle, they arc liahlc to 
eiaingcs to whieh all material is snlijectcd at every mo- 
ment. The same is true of tho alahilify of tho pointer, 
any change in whose position must involve an error in 
the mrasured north polar distance. 

'L'hu.s S»r we Itavo aiippoacf! that in our eelo.stial sphere 
we have two fixed points of refci-onco, namely, the ver- 
nal equiimx and tlio north pokti- point. Unfortnnately 
for tho otecrver, and to increase tho diffieultioa by wliich 
lie m aurrounded, neither of tiieao points remains abso- 
lutely fixed, and even tlioir rato of movement is not uni- 
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fonii and tbm one difluultj ii-fts above nnollio cnl- 
inmiling in tk fact thato\tn tltt, li^lit Mhucby i»l>ie<!ts 
becoiiio vjmWo dwi not dait tliiou^h spico ■with itifiiiilo 
vclocitj, but wings ita Jiiglit with a mcisiuibU spewl, 
wliichj \Uicn cohjohiikI ■iuth {ho 8|K.i?d of tUo laitliN re- 
\olu(ioii m !ti oibit, sensibly diangca liio apinitiit pliico 
of evtiy objLCt umkr bxaminution Aitd to this long 
(.nliiloguc of ilifltcultic? the fact that the Odi th s lotiitioii on 
Its axis 13 rnpnUy revolving tlio observer, hia inalrHmonts 
ami obiicrvatory, at a possible i-ato of a IhouHiiiid raitea an 
hour, aiul Konio idea may bo fornicd of tlio cmbarriissmeiits 
under which astTOnomers aro conipollcd to work out tho 
i-csohition of tlie great problems of tlio heavens. 

Having pi-esentcd ttiia array of dilliculticH, wo shiill 
not undcrt«ko to show in every iiiatanco by what prceiso 
nicitiis thoy aro ovorcoino. So fitr as rcj;nrda the niovc- 
nieiit of tlio vernal erjuinox and the north polo, tho most 
extended and elaborate obscrvalions have been iniido 
tlirouglt a long scries of years by tho best iiiHtrumoTita 
and the mast skillful observers, and these bavo been i-o- 
duced and discussed by tho most ahlo inathcniaticiaiis, 
until l)y diftercnt methods natronomoi-a liavo reached to so 
perfect a knowledge of tho values of tho cii-ora duo to 
those two causes that it Bcems as though no gre^tor ap- 
proximation to accuracy can ho made by tho sanio lucthoda. 
'I'imt eorrcclion duo to tho movement of tho vernal eijui- 
nox is called precession ; that due to the movement of tho 
north jKilo is called nulafion, of whioli we aliall give a 
more accurate account heresifter. Tho error arising from 
the velocity of light, combined with tito orbital and ro- 
tary motion of tho earth, is calleil aberralion. This 
subject will also bo treated hoi-eartcr. Of tho three 
principal inatrumental en-ors, that arising frein want of 
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exa«t perpendicularity in tlie position of the axis of the 
telescope to tlie horizontal axia of the transit ia called the 
coUimation error, and may be detected and measured by 
mechanical means ; ita effect is to cause the visual ray to 
pierce the heavens east or west of the true meridian, and 
in the revolution of the transit this point of piercing will 
describe a small circle of the sphere, instead of the great 
meridian circle, which it ought to describe. The error 
arising from a failure to place the transit axia in a truly 
horizontal position is called tlie level error ; ita effect is 
to cause the visual ray to pierce the heavens east or west 
of the ti'ue meridian, and the point of piercing, by 
the revolution of the transit on its axis, will describe 
a great circle of a sphere inclined to the true meridian, 
under an angle equal to that which the axis of the tran- 
sit makes with the horizon, or equal to the level error. 
The failure to pla«o the axis of the transit precisely 
east and west gives rise to what is called the azimuthal 
error. This causes the visual ray or line of coilimatioa 
of the telescope to pierce the heavens on the true meri- 
dian only when directed to the zenith. This point of 
piercing, by revolving the transit on ita axis, describes a 
great circle, which departs from the true meridian at the 
zenith, under an angle precisely equal to the azimuthal 
error. Methods have been devised for measuring these 
various errors, and for computing their efiect upon the 
apparent places of the heavenly bodies. 

The rays of light by which every object is rendered 
visible, as we have already stated, on entering the earth's 
atmosphere are bent from their rectilineal path, giving 
rise to a source of error called refraction. The laws 
governing the direction of the light, as affected by tho 
atmosphere, have beon carefully studied, so that at 
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present it is po^ible to compute with great exactitude 
the change of place of anj object under observation due 
to the effects of refraction. The Sexure of the tube of 
the teleaeope, under the various circumstances by which 
it may he surrounded, have been thoroughly investigated, 
while the exact figure of the pivots of the axis has been 
subjected to the most rigorous mechanical trats , m short, 
all the mechanical deficiencies in the instrument have 
occupied the attention of many of the best mmds for the 
past two hundred years, and thus slow but steady ad- 
vances in accuracy have been accomplished. 

To remedy the errors arising from the perturbations of 
the atmosphere, as well as those arising from personal 
error in the observer, in aeisiing the moment of transit 
across the visible meridian line, several spider's lines, 
commonly called wires, parallel to each other, have been 
introduced into the focna of the eye-piece of the transit, 
and thus the instant at which the star passes each one 
of these wires being noted as accurately as possible, the 
average of all gives a better result than could have been 
obtained from any one wire. 

To remedy the defects arising from the imperfect 
divisions, from imperfect centering, and from changes of 
figure in the circle from whence the north polar dis- 
tances are read, it is neual to have four pointers, and 
even sometimes six, by means of which the north polar 
distance is read in as many places on the divided circle, 
the average of all giving a better result than any one 
reading. These pointers, aa we have named them, are in 
roality powerful microscopes, permanently fixed in the 
heavy stone pier, on which the instrument rests, and 
having their visual ray fixed by the intersection of 
spiders' wclSj as in the principal telescope. 
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M-om tlicso j«sft-«me«/«/ Jniporfcotions wc paa^ to tliosc 
which belong to tlio dock, and licro again %vc uro com- 
[lellcd to work lyith an inipevfeet machine. No clock lias 
over been nmdc which can keep perfect tiwio, and tho 
gi-oat object of the observer is to learn iUo pcculinriliea 
of bis clock, to dcterniino ila deviations fmm absohito 
sicouiiicy, niid to ho able to mark tlieso deviatioiia, if pos- 
sible, from minute to niniuto. 

The observer, having mustered all the sources of error 
above deaoribcd, next comes to tlic consideration of his 
own ptTSonal deviations from accui'acy in attempting to 
mark iho moment at lybich a star crosses his visible me- 
ridian. To ohservo the transit of a star across fhe meri- 
dian, lie places Jiimself at the transit iiistruincnt, enters in 
liis note- book the hour and minute from tbo faccof tlic clock, 
then fixing his eye through tho telescope upon llio star, 
and counting the boats of tho pendulum, Jm follows tlio 
sinr as it slowly advances to the meridian n ire. ]Jotween 
Bomo two beats thus counted tlio star crosses tbo wire. 
Tho observer holds in hia jnindj as well us ho can, tho 
star's position at tho close of the boat before the passage, 
and at the clc^o of the next beat after tho passage, and 
mentiilly subdividing this apaco passed over in one second 
into ten e^tial pavis, ho estimates bow many of tbcse 
piirts precede the jjassago of the star across the mcii- 
dinn, and these parts are the fractions or tenths of a 
Hccondj which mark iho time of transit, '['hue be iwldsi 
to the entry in his note-book already iiiado the HUnil>er 
of beats of tho perKlulum and al.'io the fractions of a 
second above obtained, and thus the time of transit in 
obtained, approximalebj to tho tenth part of one wceond 
of time. 

In tho iKctliod of observing transits just explaiiifi! so 
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many things are iloniaiulcil of tlio obscrvci- tliiit his iittoii- 
tioii cannot be given cxchisively to tlie <iet«niii nation of 
tlio moinent of transit ; tio must keep up tlio counl of tho 
clock 1>cat ; ho must hold in his iniiitl the interval passed 
over by the stiir from one heat to tho next during tho 
tcitnsit; lie must di\'ide this Hpnco by esliraation into 
tenths ; lie muHt iissi^u llio number of tenths which pre- 
cede the tnuLsit; lie must enter tho seconds and tenths hi 
hi» note-bookj kcci)iur; up the couut of tho Iroati* of tho 
pendulum, and thuH pass from one wire to tho next suc- 
ccsaively through all tho system of wires, so tlmt in this 
nmltifonn elibrt his powers of iittcntion aro tiixed beyond 
what thoy arc able to boar, and it is only hy long prnc- 
tiec that any valuable i-csults are ever reached. 'J'ho ob- 
server also finds that his modes of observation often lead 
him into false liabits. IIo may mark tho time from liis 
own mental count of the heat, rather than from tho 
sound of the beat itself, or ho may find himself running 
into tho habit of fixing his tenths of seconds predominantly 
in ono or two portions of tlio scale of tcniha. It is 
manifest that in a tliotisaiid observations tho fcrLth of a 
second on which the transit falls ought to bo uniformly 
divided among ihc whole ntunber. Thus there should bo 
a hiiuilred observations in which the time of transit 
shiiuld fall on the iirst tenth of a second, a hundred ob- 
servations in which the time should fall on tho second 
tenth, and bo on for each of the tenths. But on oliservcr 
may find when he comes to examine a thousand of his ob- 
servations that two or three hundred arc cntcml as fall- 
ing on the third tenth) and throe or four hundred as 
falling; on tho seventh tenth. This only demonstrates 
that ho has fallen into habitual error, duo to the fact 
that lie is compelled to uslhmdc. !n attempting to 
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escape fiom t\m ptitiouhi tnoi, ami fuulm, iitm«lf t jo 
muoli idtiilictl !o one [)oUioii ol hn hliIi oi tuitli-, lie h 
very likely to full inUi tlio otlici e\heme, and thus lio 
ihuh liiiDsdf a \uiibio instrument, alviaj^ impulttt, 
eveu in thoao loj^ihmUo souicos of tiioi 

By stwljin^ li s oun pceulniilics moic ii^oiously md 
comparing liiiii tlf with othoi-s it will In, louiid tliat m 
CiiHO tiio two pusona compircd could it fho w«ie timo 
look tiivouf^li tin, sume tclc3u>po it tlio WiWt-stu coining 
iip.tocrosa tho aawii, niciuhan w no, each tttciiipting to 
note tho moment of pasiigo, by listening to thi^ be it of 
the mmc clock, tlio iccoiiUcd timea would dilTci, one ol 
the ohsuvei'i being unifoimlym udxtiiccot IIil othei 
Blionld tins cxponniuit be icpoatul, at tin, end of i 
month, with cuiy possible picciiitioii, tlic diftiiuico bt 
twcen tht t«o ohiunoia wjU in ginei si ho tound to 
change, dunon^liatm^ ih it nnt, oi tho Othci oi Iwth lm\o 
varied in this | utKiilai and tb U an intci coinpaii'.on 
of their ohtcn itiorit non undo by tlit, fotinoi diftuuiui 
would pixHluco niaccurnto rcanlts. I'his difference m what 
is donominntfd technically jmrsomU cqualion, and is sup~ 
ptBcd to ari^ from the fact that time is roally an ele- 
ment in tho operation of tiio senses : that two persona 
listvniiig to the fwmc sound, as tlio sharp eraek of a pis- 
til, tho Bonso of hearing of tlio one may perform its oflleo 
of convcyhig this sound to the brain more rapidly than 
the other, iind that tiiO same may Ijc asMerted of the KOii^e 
of sij^ht. 

l*W the pur|)oai of comparing tlio olwervations of dif- 
ferent aatrcsiomers, it beeomis necessary to determine the 
pceuliaritiea of each, and it would he a nuittor of great 
importiiucc if it wei'o poaaiblo to fix some absolute stand- 
ard to which all observations might be rediicttl. This is 

Hn^lcdbyGoOglc 



23S^ I N H T U M K S T A I. AH T It X M Y . 

accomplish ixi, so fur as tho tlirco instrumcnUtl cn-om and 
the clock error arc coTieemcd, by actually applying a cor- 
rection which i-eiliices each obsoi-vation to what it wouUl 
have l»!cn hi case none of these eiTors had existed. 'l?ho 
same may Ims said of tho correction applied for refraction 
niid for aberration. As to iw-cccssion, the j)ositiori of tho 
e(i«inoctial pointj supposing it to tnovo wilh its mean or 
average velocity, is always {jivon for tho epoch to ivhich 
the ohservalioii is referred. 'I'lio oljsorvationa are also 
reduced for parallax ivhcnever this clement heoomes 
sensible, and are tlius i-ccorded as though tho observer 
ffci'c located at tho center of tlio earth. 'I'o accomplish 
the inler-com pa risen of obsorvationa made at dift'cront ob- 
servatories, there yet reiiiains the reduction duo to ti'iffbr- 
enco of lon^ltuclo, and that dcponding upon tho personal 
peculiarities of the observers. 

'J?he higli demand for accuracy in instrnniontal ohsci-- 
vation can only bo fully appreciated by those aeliiaOy 
engaged in tiie computation of tlie placca of tho hcavcidy 
bodies. Observations arc valuable in tho r/itlo of tho 
si/tifires of their probable errors: that ii, if one sot of 
oliservations can bo produced in which the prolwiblo 
errors remain among the tenlhs of seconds of timo, while 
ill another set of observations tho erroi's are driven into 
the hundredths of seconds, or are but one tenth ]>art as 
lirgo as the foi uior, then {Iio second set wilt bo a fimtdretl 
fold mora vahiablo than the fir-st. 'L'hia principle applies 
to all observations, ijut tiiero are some distances so {p'cat 
aiid soma motions bo slow that even the beat and most 
delicate methods of observation hithorlo applied tiiil alto- 
gether to measHro tho one or to appreciate iho oiher. 
This remark Js esjiecially true when ajiplieil to llio 
dialaiieo aud movements which aro found in tho region 
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oftlio fixed Hfai-a. Among liteso rcmoto objccEs, wliilo 
in soino iiistancea tlio motion is sulficiontly rapitl to i)C 
dctcctwl hikI approxinmtely meaHUTOd, even in a siii^Io 
year, in other itisfanccs, and by far tlie larger nniiiliei-, 
theso motions are so slow tliat iltoy mnst acciimtilatst for 
liHin1rc(l3 of years to become appreciable and ineuKiirnblo 
by the most lofincil and perfect instrunicnta liitlierto pre- 
pared by ininian skill. 

In the three great departments of astronomy there is 
but one in which there is mucli liopo for increased faeility 
and accuracy. The great laws of motion and gravitation 
arc, no doubt perfectly detcrminwi. The niatheiiiatical 
fovmnloo wliereby tlicsc laws are applied to tlio ciicimi- 
Htancc3 of mofioii of the planets and tlicir satellites arc 
now brought to great simplicity and perfection ; and if it 
were jHWsiblo to give to tlio physical astronomer j/er/cci 
' data, lie would be able to obtain per/eel results. Wo 
know by geometry that the area of a. reotanglo is the jiro- 
duct of its base by its altitude, 'i'his rule or formula is ab- 
solutely accurate, and whenever wo wish to apply it to de- 
teinuno the aieaot iny pirticuhi icctan„lo v>< must fiiit 
aceomphsh tlio mednniCil racasiuemtut of the length ot 
tlio bisc anl altitulc lo do thn |)cifi,aly is imjo^ 
fliblo but ippioMin ito j wlt^ miy bt, if iched ol „i( it( i 
01 lesi pieusion m piopoiUou to the wuiiacj d tlio ii 
stiumcnls ctnplojui:! mi tlio timo and pains oxpendul 
u|Oii tlio ttoik Ihus one luci-^mo m»} icdun, tht pi) 
Uibio enoid tooneliundretUhof an inch tUiile in in th i 
the oiTOi may only iwch one tlious-indtU of the u i^ 
unit 

fn like minnei the tUeoiy anl fonnulxi of jhj^yt il i-> 
tronomy are nearly, if Jiot quite perfect, while, however, 
tlie ob;iervHtion3 whence we derive the data to be used in 
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coinjHitatioii are, as wo have mm, comparatively hiipcr- 
feci, 'i'he atittior of tliis work hits attompiixl lo coiUri- 
buto something to tho accumcy and fiicillty of ufltroiiomi- 
Ciii obsoi-yation. 

'I'iio following is a brief account of the cii-cuiiistanees 
nltoiiding ftie invention of tliis now niodo of obacrvation, 
now known as 

TllK AMKRICAN MKTIIOD Of I'll AN' 8 ITS. — In tllO ftUtUhin 

of the yciii- 1848, the liite Professor S. C. Walker, tlien 
of the United Ktatos Coast Survey, wa» cngagod witli 
me at tho Cincinnati OKscrvfltovy in a Bcrics oF observa- 
tion.i, liaving for their object the determination of the 
difference of longitnde between the observatories of Phila- 
delphia and Cineimiati. In comparing our clocks or 
cln-onomcteiin with thoae of I'liiladolpbin, an observer at 
J'liiladolpliia listening to tlio clock-beat touched tho ning- 
nelic key of tlio tolograph wire at every heat, and we I'c- 
ecivcd at Cincinnati an audible iick every second of 
time, which was carefully noted, and thus our clocks 
were compared. Tlierc were two sourcca of error in this 
inetliod of comparison, ariaing from an imperfect imita- 
tion of the clock-boat by tlio Philadelphia oporutor, also 
from our noting iho anival of that beat iu Cincinnati. 
On tho 26th of October, 1848, I'rofessor Walker, wliilo 
conversing on this aubject, first presented to nie tho nie- 
chanieai pTOblcm of causing tho clock to send its own 
be-ds by tolograpli from one station to tlio other, or 
what amounted to tho same thing, the problem of tow iJe*7- 
iiiff time into space, m already explained; for in ease 
the clock couid send its own beats by telegraph, and 
these beats could l>e reeeivcd on a uniformly ibwing time 
scale, the alar transit coulil bo also sent by tolegmjth, and 
received on llic B4imo scivlo ; and thus a now inclhod of 
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tiniiMti fto»!(l nt 0111 c sprJiig fmm tho resolution of flio 
fint meciiumcil pubkin I wfis infoniicd hy Profetisor 
l\HJkci (hat tlic prolikm ii ad already bcoii presented to 
otiier-i, but so fii is lio kneiVj had never been solved, 
'llic lull \ iluo of the idea was at once appreeiated ; und 
on lh(, simu lm,i lu^ n common brass clock, the only 
onothui in th(, obscuat ry, was inado to record its own 
bi lis by tho use ot tlio clectro-magnct on ii ilorao fillet, 

ihe problem onco solved, nothing nioro rcniaincd than 
to claW-ato auch nncbniery aa would render it jiossiblo 
to apply tbn nev distoicry or invention to the dclicalc 
and |)Ositnc doniindn of astronomical observations. 

It is will knoiin that signals aro transmitted along a 
lineof telegiipbiciuro by closing orby brcakmg the wiio 
circuit ovoi wJucli the dcctricity passes froni polo to pole 
of the battiry Tho finger of tho telegraphic operator, by 
touching a mignctic key, "breaks or makes" tho circuit, 
and thus citiicr interrupts or starts the How of electricity. 
Tho problem of causing a clock to record its beats tcle- 
grapbieally was then nothing more than to contrive sorao 
method whereby tlie clock might bo made (by the use of 
some portion of its own machinery) to take tho place of tbo 
finj^r of the living, intolligent operator, and " make" or 
" break" tho electric ch-euit. Tbo grand difBculty did not 
Ho in causing the clock to play tho part of an atitomaton in 
this precise particnlar, but it did lie in camting the clock to 
aot automatically, and at tho aanio timo pei-form perfectly 
its great funelion of a time-keeper. This became a niivt- 
tov of groat difficulty and delicacy ; for to tax any por- 
tion of tho clock machinery with a duty beyond tho oiili- 
iiary ami contcniglatcd demands of tho maker, seemed 
at once to involve the maehino in imperfect and irregular 
action. After due reflection it was decided to apply to 
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tlic pendulum for a iniimtc amo«nt of power, wlii;i'eT)y iho 
niiikiiig or brcakiiig tlic cicchic cii-cuil niiglil bo ueooin- 
jilishcd with tiic grcsUeat cliaitco of CBcapiHganj injurious 
eilbist on the going of tlio clock, 'l-'lio principlo wliicli 
guided in this soleetioii was, tiiat wo ought to go to tiio 
primo raovcr (wluoli in tliia case vim tlio clock woiglits, 
iiiitt wliieli eoukl not bo oinploycil,) ami fititing to reacli 
Uie prime raovcr, we sliouUl solcct the nouroat pico.o of 
mechanism to it, whicli in the clock h the pcnduhini. 
A second point curly determined by experiment and re- 
llcction was tliia : that the making or breaking of tlio cir- 
cuit n\u9t be accomplished l>y the ubo of inercin-y, and 
not by a solid metallic connection. 'Plio method evolved 
and based on llicBO two priiidplos is tbc one which luia 
been in use now for niuiu than ten ycn.s in (he Cincin- 
nati Observatory. 

'I'hc simplest po'wible molhod of causing Ibe penduluur 
to " make " fbc circuit may be dcsevilwd as follows : 

Attach to the under surface of tlio clock pendulum 

with gmn Bbcllae a small bit of wire bent tbua, . s 

then right ami left of the [wint over which the pendu- 
lum vibrates when lowest place two small globule!* of 
nicixinry, inio eac!i of which there shall dip a wiro fmm 
the jioleii of tbc battery. Now, as tho pendulum swinga 
OAOr the globules of mercury, tho two jiuinfs of the at- 
tiiehcd wiro will finally come, for one moment, to dip in 
the nicrcufy cups, and thus make a momcntai-y bridye^ 
over which the current of electrioity may pass from jiolo 
to jHilo. This molliodj among others, Imving been tried, 
was soon alMudoned aa uncertain and irregular in its re- 
sults ; and tho following plan was adopted : 

A small eros3 of delieato wiixi was mounted mi a short 
axis of tliO same material, passing through tho point of 
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union of the ti>ur arms eonstilutiug tlic cross. Tlii^ :i\iH 
ivas then |»!:ic«l horizontal on a inetullio supprti'l, in Y^3, 
Nvhore it might vibrate, pi-ovidcc! the top stemof tlio cross 
could ha in some way attached to tlie [leiiduluin of iho 
clock, and the " cross" should thus riso and fall at ita 
outer stem aathc pendulum swings backward and forwurd. 
The inolaltic frame bearing tho "cross" also bore a 
small glass tube bent at right angles. This ivas filled 
with mcrcurj, mid into One extremity one wire from 
tho polo of tho battery wis made to dip ; tlic other 
wire waa made iiist by a binding screw to the metal- 
lic stand bearing tho "cross," nnd thus every tinio tho 
"eross" dipped into tho mercury in the bent tube, the 
electricity irasscd tbi-ough tho uietallic frame, up the ver- 
tioal standards hearing the axis of the cross, along tho 
nxis to tho ateoi, and down the Htera into the mercury, 
anil finally through tbc mercury to tbo other polo of 
the battery. Tims at every swing of the pendulum 
the circuit was made, and a suitable appai-atug might, 
by the electro-magnet, record eiich alternate second of 
time. 

Tbc amount of power required of llie pendulum to give 
motion to tbc delicate wire-cross whs almo-st inseiiailtlo, 
as tbc steuiB nearly countcriKiised cacli other in every 
position. Hero, however, there was groat difliciilty in ))ro- 
curiug a fibre sufficiently niinuto and claatio to eousti- 
tute tho physical union between the top stem of the 
ero^ and the clock pendulum. Various materials were 
tiied, among oihei-s a delicate imman hair, the very finest 
that could bo obtained, l)iit this was too coar.sc and stiO'. 
Its want of pliancy and elasticity gave to the miiiuio 
" wire-ei^Bs " an irregular motion, and caused it to I'c- 
bouud from the globule of mercury into which it should 
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have plunged. After many fruitless clt'orta, an yppeal 
wa-s isado to an artisan of wotidtirful dexterity ; tiic as- 
sistancc of the spider ^vm invoked; his wol), perfectly 
elastic and perfectly pliable, was furnished, and tUi.i ma- 
terial connecUon iietween the wire-cross and the olock 
[Hindulum proved to be exactly tlio thing re(j\iii-c<l. In 
proof of this remark I need only state the fact that one 
single spider's ^^eh haw fulfilled the delicate duty of 
moving the wire-cross, liftiiijf it, and agaiii permitting it 
to dip into the nicrcuiy every second of time for a peviotl 
of more than three ycaial llow mnch longer it migjit 
liavo faithfully porfovnicd the same service I know not, 
as it then hecanio necessary to break this admirable 
bond, to make Bome changes in the olmik. Here it will 
bo seen tho same wob was ex|)andcd and contracted 
oaeh second duriiig this whole iieriod, and yet never, so 
far as eould be observed, lost any portion of its ela.stieity. 
'J'he clock was thus made to close tlio electric circuit in 
the most perfect manner; and inasmuch as the resistance 
opixKcd to the pendulum by the "wire-cross" was a 
constant quantity and very minute, thus acting pre- 
cisely ns does tho i-esislance of tho atmosphero, tho 
clock, once regulated with tho " cross " as a portion of 
ita machinery, moved with its w'ontcd steadiness and 
uniformity. Thus one grand point was gained. 'I'ho 
clock wna now ready to record its own beats autoraali- 
cally and with ateoluio certainty, without in any way 
affecting the regularity of ita movement. It was early 
objected to the niercHrial connection just describetl, that 
in a short time the surface of the nicronry would be- 
conio oxidized, and thus refuse to transmit tho current 
of cleotrieity; but exjicriinont demonstrated that tlio cs- 
plraion produced by tho oleetrio discharge at every dip 
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into the mercHry thvcw off the oxido fbrniwl, anil left tlio 
polished surface of the globule of mci'ctiry in a perfcct 
state to I'cecivo the next passage of the electricity. 

80 far as known, alt other motliotls ai-e now abandoned, 
ami the mui-eurial conuectioii is the only one in use. 

Tub timk scale.— 1')io cloolt being now prepared to 
record ita beats, accurately and uniformly, the next ini- 
lK)rt4int step was to obtain, if possidle, a iiiiiforinly niovin;; 
tinie-scalc, ivhicli should be applicable to the prncticiil 
demands of the astronomer. 

In case the fillet of paper used in tlie Morse telegraph 
could have boon mido to flow at 1 uniform rate upon it.-) 
surface, the clock could now iccoixl ita beats, appeiii'ing 
as dots separated fiom tatli oilier by equal intervals. 
But it was soon seen that the paper could not bo made to 
(low uniformly ■; and ovon Ind this been possible, a single 
night's work would demand foi its i-ceord such a vast, 
amount of paper tbit tin-* inctlioil was inapplicable to 
practice. After ciieful ddilioialion, Iho "revolving 
disk" was selected as the host possible surface on which 
the rccowl of time and obscivation could bo niadc. Tiio 
prcforciico waa given to the disk over the cylinder for 
the following reasons .—'1 he unifonn revolulion of the 
disk could 1)0 more readily readied. The rccoixl on tlic 
disk was always mider the eye iik every part of it at tlio 
Ramo time, while, on the revolving cylinder, a portion of 
the work was always inylsiWo. One disk eonld Ijc sub- 
stituted for another with greater ease, ami in a shorter 
time ; and ihc measure of tho fractions of seconds could 
be nioi-e rapidly and accurately performed on tlio disk 
than on the cylinder. 

After much thought and experiment it was deeitlod to 
adopt " a make circuit" and "a dotted scale" rather than 
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a " break circuit" and a " linear scab ;" und I lliink it 
will he seen liGFcaftcr tltat in tliis Bcloctioit the clioico Ima 
teen fuily juatifitHl in pmctice. 'I'heae points boiiig 
settled, the meolianical problems now preaeut«tl for so- 
lution wero tho following : Firdt, 'I'o invent some maohin- 
ery wliioli could give to a disk of, Bay, twenty inclica 
diameter, mounted on a vertical axis, a motion audi that 
it sliould revolve uniformly once in oaeli minute of time; 
and, second. To connect with this disk (he maoliincry 
which should enable tho clock to record on the disk each 
ftlternato second of time, in the shape of a doHcato round 
dot. Third, The apparatus which should enable the ob- 
server to recoi-d on tho same disk tho exact moment of 
the transit of a st«r acrosa tho meridian, or the occurrence 
of any other phenomenon. 

T'ho firat of these problems was by fai' the most dilU- 
enlt, and, indcc<l, its perfect solution remains yet to bo 
accomplishctl, though, for any practical astronomical pijr~ 
pose, the problem baa been solved in more than ono way. 

Tlic plan adopted in the Cincinnati Observatory may 
bo described as follows ;--'L'ho clock-work machinery em- 
ployed to give to tho great equatorial leleacopc a uni- 
form motion equal to that of tho earth's rotation, on lis 
axis, offered to mc the first obvious approximate solution 
of the problem under consideration. Ifliis machitiery 
waa accordingly applied to tho motion of tho diak, or 
rather to rcffiitate tho motion of rovohitJon, llda motion 
being produced by a descending weight, after tho fashion 
of an ordinary clock. It \¥aa aoon discovered that the 
" li'rauenliofev clock," as this machine is called, was not 
comijetent to pro<lucc a motion of auch uniformity as waa 
now required. Several njiHiifications were made with a 
pe.sillvo gain; but after lonj^ study it wos fiiiully Hk- 
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covered thiit when the miichinery was bvoujjhl: into per- 
feet adjustment, the dynaiHiatl equilibrium obt;iined wim 
an eiiulHbrinm of insliibility ; tliat is, if from a niotioji 
such 113 produced a rcvohiUoii in one exiiet minato, it bo- 
}ffln to lose, this loss or decrement in velocity went on 
inci-ciising, or if it commenced to gain, the increment 
went oil inci-caaing at each revolution of the disk. Now 
nil these delicate olianges could be ivatehcd witli the most 
perfect cortninty; as, in cnsc the disk revolved nuifonnly 
once ft minute, then the sceonda' dots would fall in sueli 
a maimer (as we shall see directly), (li;\t the dots of the 
same recorded seconds would radiate from the center of 
the disk in a straight line. Any deviation from this line 
would he marked with the utmost d(dicacy down to the 
thousandth of a second. By long and careful study, it 
was at length discovered, that to make any change in the 
velocity of the disk, to increase or decrease tiuickly its 
motion, in short, to restore the dynamical cquilihrium, 
the winding key of tho " Frauenliofcr clock" was the 
point of tho nincliinery where tlic extra licl|ung force 
siiould ho applied; and it was found that a per- 
son of ordinary iutelligenco, stationed at the disk, and 
with bis fingers on this key, could, whenever lie noticed 
a slight deviation from uniformity, iit once, by slight as- 
sistance, restore the equilibrium, when tho machine would 
perhaps eontinuo its perfonnanco perfectly for scvom! 
minutes, when a^in some slight aecolDration or relanla- 
tion might Ijc retpurcd from the sentinel |)03tcd as an 
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Tito meclmnieal problem now demanding solution was 
very clearly announced. It was this : Kefpiired to con- 
slruct an automaton which should take the place of tlio 
intelligent sentinel, wuteh tbo g.)ing of the disk, and in- 
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st.iiitly correct any acocleratioii or i-oturd.ition. 'L'liis, in 
fact, is tlio gFoat problem in all cft'Drts to scfuro miifiinn 
motion of rotation. Tltig jiroblon Wiia I'csolvitl tliooruti- 
eiiily, m many ways, aevural of which metiiotls weit; e\c- 
culcd mceiianicaily without success, m it was foiinil that 
the machine alationctl na a scnttucl to rcguhito ttie goiii^ 
of the disk was too ivoiik, uiid was it.sctf cJivried oft' liy 
ill loo powerful nntii;;oniBt. Tho followiTig nicthwl 
wan, Jiowcvcv, in tlio cudj entirely successful. Upon 
tlic axis of tlio winding key, alrctdy ineulioncd, a 
toolliwl ■*>hccl was attached, tlio (Renting being so ad- 
justed that Olio revolution of this wheel should pio- 
duce a wholo number of i-evolutiona of tho dKk. 'I'lie 
circuniferctieo of this wheel was cut into a ciirtnin inim- 
bor of notches, so that, as it revolved, one of those uotebca 
would i-oach tho highest jwint onco in two sooonds of 
time, liy means of an electvo-ina^net u Hnall cylin- 
dor or rollor, at tho extremity of a lever arm, wa.i 
made to fall into tho higlu^t notch of llio toothed 
wheel at the end of every two seoonds. (n case 
tho disk was revolving exactly onco « minute, the 
rollor, driven by the sidereal clock, by n.eana of an 
electro-magnet, fell to the bottom of tho nolcli, aiid 
pei'tbrnied no service whatever; but, in ease tlio disk be- 
gan to slaoken its velocity, tlieu llio roller fell on tlio 
retmiting hiclined face of tlio notch, and thus urged foi~ 
ward liy a ti)iimtu amount the laggard disk, whih', on the 
I'linii,!! y, .shoidd iho variation from a unifiirm vi'loi-iiy 
jiri'^i-iit ii^'lC in an aeeelci-ation, iliun tbo roller .-^Irii.'k on 
tile advaiioiiig face of tho notch, and thus temh-il .-l(.«ly 
to restore the e.iuilibnum. Let it ho rcmenibi-rrd ih.u 
this dclie.ite regulator ban but a iithmto amount oi M-r\ iv.u 
to perfoim. It k ever on j^navd. and deteetiii;^, as it 
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docs iiistaiitly, any disposition to cbange, at once appHea 
its restoring jMwer, and thus preserves an cxecctlingly 
»cav approach to exact iiiiifonnity of revolution. 'I'liis 
regulator operates through all the wheel-work, and thxis 
accomplishes a restoration by niiuutc inerements or do- 
crcmcnla spread over many iniuutos of time. 

With a Tiniforinly rovoUing disk, stationary in posi- 
tion, ivo should accomplisih exactly, and very portcutty, 
the i-euuixl of one minute of timo, presenting on the re- 
cording surliioo thirty dots at eiiual angular intervids on 
tho circumference of a circle, '.t'o receive the limf: dol^ 
of llio next minuto on a cii'clo of larger diameter, re- 
qnircd cither that the recording pen should cliange posi- 
tion, or lliat at tlio end of each rovolution tlie disk itiiolf 
sliould movo away from (ho pen liy a small amount. Wo 
elioac to remove the disk. To accornpliali acounttely tho 
cluinge of position of the disk, at lite end of eacli r(!V0lu- 
tion, the entire machine was mounted on wheels on a 
small railway track, and by a very delicate mechanical 
arrangement accumplished it.s own oliango of position 
between the lifiy-nintii and sijctioUi sccoiul of every 
minute. 

TilK iiKCOUiHKO I'EKa,-— It now remains only to de- 
aeribo tlio simple machinery by winch (he clock i-ccoixls 
it-i beats, and tlio oljsorvcr makoa llic rocoitl of liis ol«er~ 
vation. Tlieso instruments arc cjillwl llio rccordinff pviit. 
'i'hat belonging to the clock is citllcd the lime pen ; the 
one Hsed by (lio observer tho obnmving [wn. 'J'lu'y 
Hie coitstructcd and operate in (ho following ntun- 
iicr; A luetjillio arm is constructed with a short axis, 
jiurjicndicular to its length. The oxlrcniitie.^ of this axin 
are pivots working in tlic jaws of a metallic framo, ivhirh 
supports the a.xis of tlio pen in a horinonfal position. Tim 
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longer arm of tlio pea rcioliea over into tlic coiitor of tho 
disk, aud is armed at Ha extremity with a steel prAnl or 
slyl s. Uix)n tiic long anti.of the pen and near the iixU 
is locriteii a pieeo of aoft iron dciioiiiinated an armature, 
and beiieath this armature iiu electro-magnet a firmly 
fixed. Tiiis magnet is placed on tlie eiruiiit cioactl by tlio 
wire-cross vibrating with the clock pendulum, and tlius, 
at every dip of tlio cross into the mercury cup, the artna- 
tnvo of the pen ia suddenly drawn down on the licad of 
tliu magnet, and the nmmcnt the cireiiit in broken a 
spring acting on llie blioii arm of the pen lifta it from 
the licad of the magnet. It is readily seen that in tbis 
way the s/i/!iin is brought doivn by a sudden shock or 
blow on the material placed on the revolving disk to re- 
eeivo the record. Tho pen is so adjusted that in caao 
the armature bo simply placed and held by hand on tlio 
head of tbo magnet, the steel point of the sli/lus does not 
(|nite touch the recording surfiicc on the disk, 'j'ho olas- 
ticity of the long arm of the pon is, therefore, a mattor of 
tbo greatest moment, for tliis elasticity canscs tbe pen 
to make a simple dot, by a sudden blow and recoil ; 
ivhercas wcro tho pen non-elastic, tliei-o would be a drag 
for tho time during which tlto magnet holds the pon, 
which would at once destroy Ibc uniformity hi tbo goinj* 
of the disk. 

A pen constructed in precisely tbo same ivay, and 
plttcctl at right angles to tho former, so that tho poinfs of 
tbe two pens fall i?i close proximity on iho disk, is opei'- 
ated by a nn\«iiet mado by a circuit closal at will by the 
linger of tJie ob-servor ; and thus ho is enabled to throw 
down u|)on tlio time scalo a dot, which, falling between 
some tieo-sucond dots on the disk, records the exact iu.- 
slant of any plienomenon under observation. 
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When theiliskia filleiJ, wo have only fo lift it from its 
socket and replace it with a iiciv disk. 'I'o read the fimo 
BUiiio it iM only necessary to mark on the disk fraiiitlio (dock 
face the tinic denoted by any one dot ; for csninplo, ] 2!i. 
lorn. OOs. The circle next outside will bi) 12li. 16m., tlio 
He'd circle 1.2h. 17m., &c. ; while tlie first or marked radius 
of dots will he the Bccoiid of all the minutes, tiio no.\t 
in order will be the second, the next tlio fonrtli, and m 
on to the 58tli and second again, 'I'liua we road the 
Bcalo as rapidly as wo rend a clock fiice, for the hour, niiii- 
utc and second; and it only remains to construct a iiia- 
ehine for nioiisurin;? the fractions of seconds. 

TlIK ASHliLAU TIMK MICUOMKTKH.- -Tlli,^ ilistniment 
ia very simple. !l'ake a comtnon car|)eiiter's two-loot 
rale ; cut away the inner portion of one of the legs for 
two-thirds of ita length, and insert a piece of piano ^hm ; 
draw from tho centre of the joint with a diamond jioint, 
on tlic under anrfaoc of this glass, a delicate straight line, 
and blaeken by ru!)I)ing in hlaelt lead pencil. The arms 
of this micrometer ai-o a littlo longer tliati the radius of 
the disk. To the left hand arm, at its outer extremity, 
idlach a small bj-asa arc, divided into seconds and teutlia, 
and make it, siiy, 2j seconds in length. When the two 
legs are oliMcd the black lino on tlio glass will road on 
this acitlo of seconds. Attho joint drill a small hole, and 
at tlio center of tho disk to be measured erect a small 
verlicttl pin to fit this hole. Lay the instrument on llie 
disk, tho pin being inserted in tho hole, and thus the 
fmelions of seconds may be measured with any dcgi'ce of 
precision. 

8wch is an outline of the machinery now in use in tho 
Dudley Observatory at Albany, and at the Oinciiuiati 
Observatory. 
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Aa KO liiivo Bocii, iii tlic old metlioil of traiiKitii tHu at- 
luiiiion of tlio olacrver was iliviilcd among m:Hiy olijccta. 
Ilo was eonnjcHcd to keep up the counting of tlio dock 
Iiait; to e»tiiaato fho spacu pasatst over bjthc Btav under 
ol)3«Tatiori ill a second of time ; to suldivido tin's space 
hy eatinmtion into tcntlia; to write down in his note- 
book the observed moment of Irnnsit ncrosa each of the 
wires, and all this while his eye continued to follow the 
movement of the object under observation. !L'o give the 
observer time to make liis record, tlio spider's lines or 
wires were necessarily Hepnmtcd by .siieli an interval 
from each other tlitit several seconds would bo rcf|nired 
by tlie star to pass fiom one to tbc other, and thuii but 
few wire.? could ho employed in transit observations. 

In tho new method the observer is released from nil 
iT3ponsil>iIity with i-cferenee to time, countinj:; of clock 
beat, estimation of spaces, or ciihios in note-book. The 
clock records ita own beat, and (lie observer has nothing 
to do but touch a magnetic key at the cvact moment in 
which his star is bisccteil by the meridian wire. !rhia 
touch records the moment of observed transit, and aslhia 
record is accomplished almost instantaneously, the ob- 
server is ready to recoixl the transit tmroaa the next wire, 
and thus the interval between the wires may be greatly 
reduced, and their number extended almast indefinitely. 
Wbilo in the old method long practice was ref}uired to 
luiiko an acoomplishcd observer (the best of whom could 
not record more than the transits on seven wii-ea), in Iho 
now method a few Jiights of practice gives all desivablc 
experience, and tiie observer may i-eeoitl the transits 
aera=^ aa many as fifty ivire^, shouUl so large a number 
ever bo drairablo under any circumstances. It is found 
in the use of this methotl that erroneous habits of obser- 
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vatiou may oitliei' Ik- witivnly itvoidud or (ktected, iiml 
thus eorreoted. It iuv]ii.shua llto means of locniiiiin^ 
ivJth great aeeuiacy the value of personal fqwtthu, mul 
lias dcinoHSiKited, indeeil, tlmt the large (1 iffy roiices osisE- 
iiig betiYCcn obsyrvers, amounting in soino iiistancf* io a 
iviiolc second of time, avo not Am to phyaiological consli- 
tiiiion, but almost entirely to false habits of observation. 
It hsia furninlicd tbo means of iiicaHiiriiig tbe amount of 
time wiiich elapses between tlie occurrciieo of any jiliu- 
nouieiion falling within the grasp of the Benscs of sight 
and hearing, and the possible i-ocoiil l)y tho toueh of a 
in'if^netic key. In tins opomtion tlierc are thi-ee distinct 
pi-occHSCS, the sense of sight, for example, convoys lo tiio 
brain infonnatiou of the occurrence of tho external phe- 
nomenon ; the mind thus perceives, and tho will iaanes an 
order lo the nerves to record; tho nerve* execute thia 
order. Thus far it has been impossible to ascertain tho 
amount of time occupied in each of these pi-occsso-i, but 
tbe sum of tho times, or that elapsing between llie mo- 
nsont of oeourreneo of a phenomenon and ita record, has 
been ineasui-ed both for tlic sense of sight and tho sense 
of hearing, in a large number of persona of both bcxos 
and of all ttgai. I'roni theao experiments it liiia been as- 
certained that while different individuals present promi- 
nent and marked diffcrencea, these diflcroneea arc only 
found to exist in the hundredths of a second of linio, and 
not, as hiis Ijcen imagined, in whole seconds. In eon- 
ducting these expcrimenia it was ascertained that all ob- 
servcra, without a single exception, in attempting to 
mark the moment at whieli a star ei-ossed a wire, initki- 
paied the moment of transit, and the recorded time was 
thus in advance of the true time. Having Icamctl this 
fact, the observer is placed upon bis guaixl, and is fiir- 
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nished with the means of correctiog this false habit, and 
of bringing himself up to a standard of positive accuracy. 
Another advantage derived from this mode of observation 
arises from the fact that it imposes but a slight tax upon 
the neiTous system, and hence an observer is able to 
continue his work without exhaustion for a much longer 
period of time. 

We have mentioned that one of the most hidden 
Bources of error lies in the uncertainty of the rate of 
going of the clock. The old methods furnish the means 
of ascertaining with comparative accuracy how much the 
clock has lost or gained in twenty-four hours ; and if this 
quantity should amount only to a fraction of a second, 
it is almost impo^ible to assert that this loss or gain 
may not have occurred even a hundred times, or pos- 
sibly a thousand times during the twenty-four hours. 
By causing two or more clocks to record their beats 
upon the same time-scale, the new method furnishes the 
means of inter-compariaon between these clocks, even 
from second to second, if required, and thus from a 
record of this kind may be obtained a positive standaird 
of time. 

The electro-magnetic method of observation in connec- 
tion with the system of telegraphic wires, now extended 
over nearly all the civilized world, furnishes a very rapid 
and exact method of determining the difereiice of longi- 
tude between any two points. This difference of longi- 
tude is nothing more than the time which elapses frnm 
the transit of a star across the meridian of one place until 
it crosses the meridian of the other place. In case the 
two observatories whose difference of longitude is required 
are connected by telegraph, and are furnished with the 
electro-magnetic apparatus, the observer in the eastern 
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oliacvvatory may seiid to fiia corresjKiiiclciit hy tclegDiiili 
tliu moiiioiit of transit of tbo star across hia own nioridiiui. 
lie will rccoivo in volum by telegi'apli Uio moment tho 
same star erwisca tho meridian of tho western observatory, 
and in cnao tho obsoi'TOtioiis nro perfectly mado, tmnswiit- 
ted ffitli infinite velocity along tlio wires, nnd rocoi-dcd 
with perfect accuracy, the i-esult will he ahHoIutuly piir- 
fect. The common cn-owof observation are readily climin- 
atcil, the orroi-a of recording, in like inanncv, are canily 
detected and measured, and tho only matter of dillieulty 
which rcmaina is to ascortnin ivhctlier tho message Hcnt 
along tho wire travels at u. fmila rale, and if so, to dcter- 
Tiiiiie what this rate may l>e. 'I'ho couvereion of time 
into space, and the delicacy of tho machinery now em- 
ployed in recording and subdividing time, lias furnisliwi 
the nioiuia of measuring tho velocity with which signals 
are tmnsniitted along tho wivca of the tolcgrjph. No 
doubt this velocity is inotlified by a variety of cireum- 
slfinces, and may depend upon the direction in which tlio 
telegraphic wire is laid, the season of tho year, tho tciu- 
porature of the earth and atmosphere, but none of these 
causea ciin interfere to mar tho acenraey of the work em- 
ployed for longitude puqioscs; for there is no dillieulty in 
determining tho exact velocity with which the aignals are 
transmitted by tho wires at tho time of ohsorvation, 
Thrae avo a few among many advantages which havo been 
gained by tbo conversion of time into space, and the ap- 
plication of this principle to the observation of astrone- 
micnl ti-ansits. 

Tbo author baa attempted to add something to tlic 
facility and accuracy of the determination of jtortk j/ulitr 
dhtaneeSy the second great element employed in fixing 
tho place of a Iteavcniy body. As already explained, 
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this oloment Hieiclictl hy Uk dmsiouof a ciicli, -itt tdii-tl 
to tlii i\K ot the tianait and tlio acoui icy ol llic nwik 
dcjiciida H)>on tlio pcifeotioii of thc^o di\i'^ioii9, tbe pci 
mautiieo of the figure of tlio oirele, tho peiiHinienic ni 
tilt jihct. of tlio ifidiDg miciO!)i.opef., and tin- pit,i.i-,ioii 

itdiriibk 111 iLidtii^ llio subdivisions of tlic undo An 
Itio tiiora uliidi iii'io from tlieso dttfuoiit lonrtfi tio 
fiiuiid to be compii iti\(,ly lf«ge, im the nicwuui i nt t 
HnuU difteiciic«3 of noith polai dntanics, oi si nil ii s 
ot 'ip'ice icsoit his bLUi hid to otiiu and HKiu llicil 
till liiiiLil coiiliivincea, heiico tho imonlion imt dh 

li II ti II f the vnuoiis ?iHuoinc(ci» now ni use, all of 
\] h iijiLiul ton then acoui icy upon tlie pLifouumoo 
ol a miaumttu aaew. Voiycxltudedcvpoiiinonlw «itli 
tliOHO insti-uiiicnta first created a donbt in iny own wind 
as to tiio accuracy with which the niicroinotcF aorow 
(vouM i-opcitt itsownnicaauroa. This doubt, addud to tho 
i'iwA tliiit tlio moasurcmcnla by tho micrometer were very 
tiloiv and tcdioua, gave riso to tho cftbrt which haa insulted 
ill tho conslruetton of a now system whereby difloroncea 
of north polar distnnee may bo determined with great 
rapidity and precision, which principle can readily be ex- 
tended to the determination of absolute north [lolar dis- 
tances. A description of the machinery employed for 
thia pnrjioao may be found elsewhere. Wc avo only 
concerned hero to notice some of tho [wssihlo advan- 
tugi^ of this new method of north polar distances. ( 
will only slate that tho maeliinery employed in all its 
joints and connections is of the simplest khid, and overy- 
wlierc visible to the eye. 'I'liere ia no eoncealetl portion, 
as in the sci'cw micrometer, no joints to grow impei'foct 
liy wearing, and no strong resistance to change tbe iiguva 
of any |)art of tiie niicliincry. If tho title of tlie tele- 
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scope, loaded as it is wifh tlio *V'''f;l't of the ohjoct gliifi-'i 
and cye-picco, aTid its own ivciglitj can bo dopendod ujiint 
to rotaiu itsfigum witliout ii eounteriwiao, it is absolutely 
certain lliat the decUmttion arm, wliicli in the new method 
is attached to the itxis of the Imnsit, if perfectly eountei-- 
poised and l>otiviiig no weight whutovcr, can he relied itpoTi 
to rcdiiii its rL:Juvc. Tho lower extremity of tliis arm, 
nsoving as it docs in north poliir distjinee, with tlie lino 
of colliniation of the toloscopCj by » connecting bar, gives 
motion io the axis of the i-cading niiemscope, which, 
Ijcing directe<l to a distant scale, nwynifics in a very high 
ratio by ineclmnical means the ui'c tlii'ongh which tho 
transit revolves iu the piano of tlie meridian. TUus it 
will bo seen that tins new method is nothing more than 
tlic use of a mechanical ?naffni/ier, and tho onlyqneslion 
is, can tho Kcale be so divided m to read seconds of are, 
atid can it bo mndo of invariable lenglli? There is 
liltle difficulty in accompli si ling both of these ol»ject«, 
for scales have already been divided with such precision 
that no error ainotmting to tiie kundrcdik part of a sm^//e 
sixoml of arc could jwssibly osist ; and in order to re- 
tain an invariable length in tho scale all that is necessary 
if* to gi-ade it upon a surface consiitnting one face of a, 
rectangular tube ; fill this tubo with water anil broken 
ice, and Jlins a [wrmancnt temperature of '52" may 
be had for any lengtii of time. To measure the exact 
value of tho divisions on the scalo wo have only to em- 
ploy these divisions in moaatiring araund tho entire (!ir- 
cumfei-enee of the circle attached to the axis of tlie tran- 
sit. Suppose the Imigtlt of the scale to be sixty miini(i>.s 
approximately, then if this length is eontaine<l 3G0 times 
in tho whole cii-cnmference, its appraximato value be- 
comes its absolute valuo, and at all events this experiment 
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furnishos the meana of determining the absolute value. 
Thua while the circle furnishes the meams of measuring 
the scale, the scale furnishes in return the means of 
measuring the subdivisions of (he circle. These amount 
only to 360, and may be reduced even to the fifth part 
of this number, should practice prove this reduction de- 
sirable. This small number of divisions can rapidly be 
read up with a scale of invariable length, and by per- 
forming this reading at temperatures widely different a 
correction for temperature may he determined with great 
exactness. In the old circle, as there are no less than 
t«n thousand divisions, and as there exists no permanent 
scale for the reading of these divisions, it becomes almost 
impossible to learn their actual values and to tabulate 
their errors, hence astronomers have been compelled to 
rely to a great extent upon the assumed accuracy of the 
subdivisions of their circles, as received from the hands of 
the manufacturer. 

By a combination of the electro-magnetic method, with 
the new method of measuring north polar distances, a very 
simple, convenient, and aecarate instrument is obtained 
for recording the places of the stars or other heavenly 
bodies with great rapidity and exactitude, rendering it 
possible to construct, in a comparatively short time, a 
very extended and exact catalogue of the places of all the 
fixed stars, clearly visible, with any optical power. 

We have thus presented a rapid sketch of the old and 
new methods of fixing the elements for the determination 
of the heavenly bodies, it only remains in this connec- 
tion to speak of the optical power of the telescope. 

These instruments are divided into two great classes, 
called refiecting and refracting telescopes. In the re- 
fleeting telescopes the rays of light from the external ob- 
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JLft, |>i-^ing dossil fliL luljo of t1it U k'lt.oiiu, ftll uinm t 
jmtiillio iiiinoi 01 apLuilum, wlioso auihcOj peifcctly 
jujlisUcd, lus the fi^uit, of a (nrtboloid of lovolution, 
Being leflceted by tlua suiface, tin, v%ya of light aio con 
Miuttittixl at a ccitwn point called t\iv focus, «lii.io m 
intiiisoly luminoiii inu^c ot tlio obicct 13 founcd I'Ijis 
(im^c JS tlioii oxamiutd by a mij^nifjity gliis 01 0>c 
piLCO, ind lis (Inn em 101 13 Cijntidul to any imuucd d 

111 tlif icriiLtm^ tok-icjpo ttio lirtit falls upon «lint 
js ciUcd tilt, objcLl )//((••!>, I poiKiliil kns, \shKh i jii 
cciiti ito», by ii-tiuGtion tb(, iiyn of light «liiih pisa 
tliiough It, thus loimiiig uii iiiiu^o of tho object at the 
focal jKuut 'J-bis imnfjO its Ibui o\iimiieil as in tin ic 
iiccting tclcscopo, by oye piecca liaviiig dillcicnt inu^rn 
f_yin^puncis llithcito it bis been found inijuicliciblo 
to construct object (jlasses ol any \cij ronsidci tbh <li» 
mctei, the higest oi thmo ghi^ia in use not cxudlni ; 
sixteen to twenty mcbca m tliimoter Ibc naiiow 
Innils do not exist however, m tlio conafmclion of lliu 
me/iiVic specula v- hich belong to the loflcctHig telescope , 
and bcnct wa find gigantic insliumcnts hi\o been con 
stiuctul by diffLiciit ob&oivoia, one of wliich, now in ii 
by fojd lima, Ins 1 spccuhim of no Ic'ia than Ai%Jui m 
dmnictei, lutb a foeil length of fifty tivo icot Such 
immense instiumcnta, lequiiiiig ponderoua mneliineiy fov 
their iiianagement, arc itot well adapted for tliat kind of 
obserration having fov its object to detormino the places 
of the h^vcnly bo<li(a. 'I'heir use liaa been rather con- 
fined to examinations of tlio planets, double stare, elus- 
teva, and nebulro, dontanding ii largo amount of light 
rather than a perfect delinition or exactitude in measure- 
ment. U ia true, that in tbe hands of linsaeil, of Liver- 
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jiool, WO [iiiil tlio rcHcclini; tclmcojK! perfortniiig ailruir- 
iil>ly ill till! roiiiiiio work of aii observatory. JJitt these 
iiiHtruinctits are coinpaiativcly small, their (limoii^iuti.'t 
not umeli exceeding those of the largeat refractors. 

'I'liere are two qtialitiea which (ttstinguiHh this tolisieopo, 
l/ie s/iacc-penelraliiiff power and i/te power of ilejlnilion. 
'I'ho first of those depends exeUisively upon the iimoHiit 
of ]if;lit received and refracted, or i-cJlectc<l to ttio iofius, 
and thiH forming the iningc. In caao nil the light fall- 
ing ujitin tlio ohjcct-glii.ss or Bpecuhini could ho conceu- 
Iratcd in tlic fornmtioii of the imago, then tlio space-penc- 
fiiiting power of telescopes would bo exactly proportioned 
to tho (lianietci'3 of their apertures, and wo can cotiipiiro 
then, readily, the »]>.ice-pcnctrating power of diflerent 
niHliumuits not only in ong thunsolvcfl, but directly 
\\itU tlio spiec poiiaiiting powci of tho human oyo, Tlio 
diiincter of the pupd of tlio tyo dttcnninos tho amoutit 
of li„ht which can tntci and foim tho imago, just as tho 
dumLtci of an obiect gitss in a teleacopo detcrniinea tho 
nniouilt of h^ht winch in ll at mstiimicnt forms the focal 
imiigo, hence, if wo duiiii, to Know how many times 
dccpci (i t(,ksu>])c cm juietntc apicc than tho oyo, wo 
hiivo only to learn how many tunes tho area of llio ob- 
ject-glass exceeds that of the pupil of (he eye. "fl'c shall 
havo occasion hereafter to employ this principle when wo 
come to examine the relative dislancca to which the tie- 
bulio and ehistoM are sunk in space, 

^V'e have only sfajken of tlio mounting of the transit, 
with its atlaclie<l circle, for reatliiig north [jolar distaiiceti. 
'I'hia instrument revolves only, as we have seen, in tho 
piano of the meridian, and of cour.sc no object can iia 
seen with the transit except when in tho act of passing 
the meridian line. 
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A telescope mounted in sach a manner that it can be 
directed to any point of the heavens, iscalled an extra- 
tneridional instrument, and of these the equatorial is 
the moat used, and ia the best adapted for all observations 
off the meridian. The tube of the telescope is carried by 
a heavy metallic casting, very firm and strongj which ia 
made fiist to a metallic cylinder, through which passes a 
steel axis, called the equatorial axis. The metallic cylin- 
der ia also screw-bolted to the extremity of a heavy steel 
axis, ao placed on its supports .as to lie parallel to the 
earth's axis. These supports rest on heavy metallic 
plates, bolted to a massive stone pier, called the "foot 
of the instrument," which, in turn, is placed on the top 
of a heavy pier of masonry, resting on a rock foundation, 
or something equally solid, and entirely disconnected 
from the building. 

The instrument is so counterpoised in all ite many 
parte as to be readily moved either on ita polar or equa- 
torial &xia, and may thus be directed to any point of tiie 
celestial sphere. To enable the observer to follow the 
object under examination, these telescopes are usually fur- 
nished with a species of clock-work, which causes the 
instrument to revolve round ita polar axis with a velocity 
equal to that of the earth's rotation, causing it to follow 
a heavenly body and to hold it steady in the field of view 
for any required period of time. 

Without extending further our notice of the instru- 
ments employed in reaching the data required in astrono- 
mical investigation, we will now return to our examination 
of the bodies which compose the sun's retinue, and shall 
proceed in our plan, preserving the order of distance 
from the sun. 

The interruption which was made after closing the 
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tiisciiKstoti of tlie system of Kiitiim, (o introduce to tlio 
student tlic laws of motion ami gravitation, and tho in- 
stvumonfa employed iu a.stmnomicivl mcaauiia, wan neces- 
sary to a full compvcliension of the extraonlinary invcs- 
ti^ationa wtiicli nvo now to follow. Wo are Iievcaftcr to 
treat the planets and tliciv satellites m ponderable Imlies, 
mutually aflectiiig each otiior, and all sulijcoted to tlio 
dominion of tlio laws of motion and gravitation. 
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It was rciiitirkwl at tho close of our invcstii^ation of tlio 
Biituriiiiui Kysteiii tltnt this planet iucloscfl hy its orbit 
all tlic objceifl belongirtg to tho solar aystcm ivliicli wero 
known to tlio aiioicnts, ami wlioso phenomena, us obsui-vcd 
and recoitletl in all time, fHrnislicd tlio data for tlie dis- 
covery of Kepler's laws and tho law of iintvei-Hiil griivi- 
tation, aa fiitally rovcalctl by Nowton, While many of 
tlio modern astronomers, from iin c\amiti!ilioti of tlio 
inter- phmotary spaces, had ventuifd to suggest the pro- 
bable cxiBtorice of a large planot revolving in an orbit 
inlenncdiato between those of Jlars and Jnpiier, no 
one bad ventured to predict the possible dis;overy of 
planets lying exterior to the mighty orbit of Saturn. 
I'Voni the very dawn of aslronomy this planot bad 
hold tho pimition of sentinel on tho out[wsts of llio 
planetary aystyni, and many strong minds had long oii- 
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to tiicorljit of HaEuni t'ovmihg a [ml- of the Kclieiiie of 
workls revolving ai'oitml thu hkii. Such, iiidct'il, was tlic 
lii-cvalcnce of fhis opinion tlmt when, in 1781, Bir Williiim 
iiot'scliell, in a courae of aystotiuitic exploration of tlie 
licavcna, discovGvcd an object having si weH-iicliiieil pliin- 
otaiy disk, nnd wlioso movomcnt among tlio fixeil sdira 
became uicaaiii'ablc, even at the end of a few lioiirs, lie 
did not even suspect this new object to bo a planet, but 
announced to tlic world tbat be had discovered a iinost 
cxtraoixlinary comet, ivithout any of the usual biiKincss 
wliicb attends tbcso bodies, bwt presenting a. clour and 
ivcll defined planetary disk. 

Tbis ncivly-discovei-cil object soon nttracled universal 
attention. It was observed at the royal observatory at 
Greenwich, and tlio then astronomer royal, I>r. ^rarko- 
lyne, wsis the fii^t to ausjiect its planetary cbaraeler. 
JCIforfs were made by several computers to give to the 
new comet, as it was called, a parabolic orbit; ibia, how- 
ever, was found to bo injpossible, and it was very soon 
found that tho newly -discovered object was revolving 
ai-ound llio sun in an orbit nearly oireuhu- in form, lying 
in a piano, nearly coiiicidorit with iho ecliptic, and com- 
pleting its mighty revolution in a period of no lem than 
eiyhtyltco years. It must be rcmembcrc<l that thc-io 
cstmordinary discoveries and announccnionls were made 
at tbe end of a very abort examination, while the 
Iiei-iods of revolution of all the old planei.s had been 
obtainei.1 froiu actual observation, through long ccnturie-i 
of patient watching. The periodic timeof lliis hist dis- 
covered of all the planets, which, by llio old method of 
watehiHg iti return to the same fixed star, could not have 
been determined in leas than cigbty-two yojira, and even 
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then only appro ximately, was, by the now method, bsiaed 
upon the law of universal gravitation, guided by the rc- 
Bults of a few nigbts of accurate observation, and worked 
out hy the powerful formulaa of analytic reasoning, 
given to the world with accuracy after only a few 
months of investigation. This is the first illnatration 
of the change wrought in the whole movement of astron- 
omical science by the great discoveries of Newton, and 
by the almost equally extraordinary step accomplished 
by Descartes, in fastening the powers of analysis upon 
geometry. All the circumstances of motion of this planet 
were rapidly investigated ; the eccentricity of its orbit ; 
the position of its perihelion ; the inclination of its orbit 
to the plane of the ecliptic ; the position of its line of 
nodes ; the measure of its actual diameter ; the determ- 
ination of its various distances from the sun, all these 
and many other peculiarities were accurately determined 
from actual observation and computation. Thrae facts 
strike us with the more astonishment when we reflect that 
tho planet Uranus is removed to a distance of eighteen hun- 
dred millions of miles .from the sun, and that, although 
its actual diameter is thirty-Jive thousand miles, it is ab- 
solutely invisiblo to the naked eyed, and, when seen 
through the most powerful telescope, presents a disk of 
only ^efive kmidredth part of the apparent diameter of 
the sun. At such an immense distance it has been im- 
po^ible thus far to determine anything with reference 
to the precise figure of Uranus, The discoverer of the 
planet thought that he saw a flattening at the poles, but 
t observation has not confirmed this announce- 
We have only, therefore, analogy to induce us 
to believe that this planet, like all the others, rotates 
upon an axis, and that, con3ec[uently, its figure is that 
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of liic elipsoiil aikI not of ilie sphere. The ininicnso niag- 
iiltudo of the orbit of Uranus, when comjmi'cd wUlt that 
of Uio earth, causes thia planet to reti'Ogrado over an aro 
of only 3° 36', bat tiie duration of the rotTOgrado motion 
cxtciKk over a period of no less than one hundred and 
fifty-one days. No tckseoiio Imsi yet been able to discern, 
upon tlio surface of Uranus, any spot or belt, or any woll- 
dorincd point, dislinguisiicd from tlic entire surfaoc, so 
that wc liave no means, thus far, of fixing ihc puriod of 
rotation upon its axis. Tho amount of light and heat 
received by Uranus, admitting tlio law of diniimUioii, 
wliieti socms to govern tlicso elements, could only be the 
(juarter part of tliat received by the planet Saturn, wiiilo 
the apiHiront diameter of tlie sun, as seen from Uranws, 
would he less tlian the tliirtioth part of liis diameter, aa 
seen from tlie earth. 

'j-'his planet is finrroundcd by at least fonv sateilites. 
1'wo others were announced by Sir Wni. Jlci'scliel, who 
not only gavo tlieir distances but their periods of i-evoIu~ 
tion, yet no telescope has since been able to detect these 
miimte points of light, and their very o.xistenco is now 
doubted by many of tile best observers. l''our of tho 
satellites had Ijecn studied, with much care, and tlieir 
Ijoriods of revolution and their mean distances had been 
well determined. Of these. Urn second and fourth aro 
nitwt readily seen, and dillbrent astronomoi-s have ohtained 
ri'.^ults which agree with each other within com pa rati vol y 
sui^iil limits of error. Thus, the older llei^dscl ff.wd 
iho period of rcvolwtion of the second satellite, in the orsler 
of diatanco, at 8d. 16h. 66m. 6.s. Sir John llcrseliel 
made the siimc period twenty-si.Y seconds longer. Dr. 
l.^imont, of Munich, obtained, for thia same periw!, 
a value uf 8d. Jlili. 00m. 28s.5. Tim period of rovolu- 
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tion of tlie fourth satellite, in the order of distance, aa de- 
termined by Lamont, amounts to 13d. llh. 07m. 06s.3. 
The period of revolution of the nearest satellite is ahout 
five days and twenty-one hours, while the third satellite 
in order of distance performs ita revolution in a period of 
about eleven days. These are among the most difficult 
of all the objects revealed to the eye by telescopic power. 
After Sir Wm. Herachell no one for many years was 
able to see any of these satellites, the forty -foot reflector 
of Herschel having gone into disase. In 1828, Sii John 
Herachel, after many unsuccessful attempts, by confin- 
ing himself in a dark room for many mmutea previous to 
observation, and thus giving to the eye gicat acutcness, 
succeeded in detecting two of these satelbtcs In 1837, 
Lamont, with the powerful refractor of the royal observa- 
tory of Munich, managed to follow, with tolerable cer- 
tainty, the two larger satellites, and occasionally obtained 
glimpsoa of two others. 

At this time there are four or five telescopes in the 
world capable of showing these four satellites, under 
favorable circumstances, 1 have frequently seen two of 
thom with the Cincinnati refractor, but they are certainly 
objects of great difficulty, and only to be discerned under 
the most favorable circumstances in the observer, and 
under the best possible conditions of atmosphere. 

Enough, however, has been determined with reference' 
to these four satellites to warrant the assertion of a feet 
of most extraordinary character, and nowhere else to be 
found in the whole range of the solar system, namely, 
thai their orbits are nearly perpendicular to the plane 
of the ecliptic, and that their motions are retrograde. 
We have seen that all the planets revolve in orbits whoso 
planes are nearly coincident with the plane of the eclip- 
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He ; tliiit thay all mvolve in the same direction firowri'I ilie 
Bill) ; lliist tlio sun and all Hio planets rotate on tlioiv 
nxen in Elio siimc direction in whieli tlicy revolve iii their 
orbits. Wc have found, in like manner, that all the aitel- 
lites of every planet revolvo aronnd their priinaries in 
the same dircctionj and in plaiica nearly coineideiit ivitli 
llic planea of tlio equatoi-s of their primaries ; so t!i;kl it 
liceanic a settlc<l opinion tluit there Wiia but one direction 
in ivliiuli any rotation or revolution could be performed 
by a member of the planetary ny.stem ; and tlni!) ivben the 
nstcroids ivevc discovei^ed, idthougli there wcro consider- 
able deviations in the angles of the inclination of the 
plancD of their orbits from those of tlic old planets, yet 
in every instance their nioiions are fomid to be direct. 
These Ha tell ite3 of Uranus pi-csent, then, (lie only example 
of retrograde movement nmonj^ tlic Icgitimalo membei-H 
of the solar system. We shall seo heroiiftor that among 
the comets (which may be rcgai-ded as sut«Ilitc» of tho 
sun) there arc a foiy which present this same anonmly of 
retrograde movenientj yet this is not nearly so sui'pi-isiiig 
as to find tiiis anomalous motion among the satellites of 
a primary planet. Wo shall return to tho consideration 
of this subject when we come to diseus'i the co^nioj^ony 
of ihi nnivc! e 

It HO icciU to mmd tho lehtion'j whith exist bdnun 
the di Minus and pciioslic time-} of UnunH tn I hiii 
W(, slnll find thU theso Iwo pliuit-l^ whenni nil h 
othn or when Jft conjunction, aio a(.pu\tcd hi n t t 
of \!K>Ht nine Imndicd milliona of raile-a UIhm m t 
lomult, horn ci"!! othci, thn diitintcof sqiii iti n\ m 
or isul b^ Ihe nhoK diimutoi of tho Oibit ti iH m i 
by ei^htten hundicd mdltons of mdes, ts will Ix u sdilj 
Betn fioni the fioUie, hi whidi b upicuil Un vm, 
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A and B the places of Saturn and Uranus when in con- 
junction, while B' represents the place of Uranus in tho 
opposite part of its orhit, or when in opposition to the sun. 
Thus the distance betweea the planets when located at 




A and B ia just equal to the interval between their 
orbits, while tiiis interval is increased as Uranus recedes 
from B up to the time that it reaches B', and on reaching 
this point, Saturn being supposed to occupy the point A, 
the two planets will he separated by a distance of about 
twenty-seven hundred millions of miles. Since Saturn 
performs its revolution in about twenty-nine years and a 
half, and Uranua performs its revolution in about eighty- 
two years, the interval from one conjunction to tho next 
is readily computed to be about forty years. 

This extraordinary change of distance produces a cor- 
responding change in the reciprocal influoneoa exerted by 
these planets upon each other. The same remark ii ap- 
plicable to the configurations of Jupiter and Uranus, and 
may be extended indeed to all the planets. Thus we 
perceive that the greatest possible effect to draw Uranua 
closer to the sun will be produced when all the planets 
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iiu on the Hama siraiglit line, and on the saiiic ykle of tlio 

The provitleiice of tho law of univoraal gi-avitatioTi, 
wliereby every particle of niiiUcr in tho universe fuek tho 
iiltrwction of every otiier panicle, unites all tltc planets and 
tlioir satellite.^ into one grand scliome of revolving worlds, 
in which each ia subjected to the inllncnco of nil the 
otliera. At^or the discovery of Uranus iiti effort mms 
made to assign to this planet a curve whose inagiiitude 
and position neic derived from observations embracing 
but a small portion of its orbit. 'I^liis, of conrso, Wii3 
a matter of neccsiity, for oven one revolution has not 
yet been coin])letcd by Uranus since the date of its dis- 
covery in 1781, 'J'lic orbit assigned to the planet was 
Hufliciently accurate to (raco backward its movement 
among the fixed stars. 1'liis was done in the hope that 
tho planet might Jiavc been seen and its place I'ceoitled 
as a fixed star by some of the early astronomers. If it 
should happen that the computed place of the planet 
should coincide with the recorded place of a star of the 
same magnitude as ihc planet, then a suspicion would 
arise that this star and the planet were ono and the same 
Imly. If on directing the telescope to tlic point oneo 
occupied by the star the place should he found vacant, 
this evidence would he almost coneliisivo that the sup- 
liosed star was actually the planet, iiy an examination 
of this kind it was found that the planet Uranus had licen 
observed, and its place carefully I'ccoi'ded by no less than 
throe astronomers, each of whom Itad seen it several 
limes, without any suspicion of its planetafy character. 
Tiie astronomer Flamsteed was the first who had mistaken 
this planet for a star nearly ninety yeai-g before ilM dis- 
covery by Sir 'Williain llerschell. It i\-as subscijuontly 
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observed by Bradley, by Mayer, and by Le Monnier, 
wbo fixed its place no less than twelve times during the 
period from 1750 to 1771. These ancient observations 
furnished an opportunity to test the accuraey of the com- 
puted elements of the orbit of the new planet, and to cor- 
rect these elements in case they were found to be sensibly 
in error. Thia work was executed in a most faithful and 
exact manner by M. Bouvardj who also computed tables 
predicting the places of Uranus for many yeai-s in ad- 
vance. It wa3 supposed with reason that these tahira 
■would point out the places of Uranua with the same cer- 
tainty as those of Saturn and Jupiter, computed by the 
same astronomer, gave the places of these planets. In 
this the hopes of the astronomical world were disap- 
pointed, and this extraordinary discrepancy between com- 
putation and observation gave rise to the discovery of an 
exterior planet, as we shall now relate. 
12 
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CHAPTER XIII. 



HBPTUHfl, THE HIHTH AHD LAST KHOWN PLANES IN 
THE ORDER Off DISTAHCE FROM THE SUN. 



BY THE TgLHSaOPK,— DiaOOTHHIHa EEanLTINH.— A SlTBLLlTE DeTE( 

Tun Mass of NEPtoSK ram DKrBKUiBaD.— NEPTnHrfa Okb.t the C 



The discovery of Neptuno is undoubtedly tlic most 
remarkable event in tlie history of astronomical science — 
an event without a parallel, and rising in grandeur pre- 
eminently above all other efforts of human genius ever put 
forth in the examination of the physical universe. 

The planet Uranus was discovered by the aid of the 
telescope, not exactly by accident, but still without any 
expectation on the part of the discoverer that his examina- 
tion of the fixed stars would result in the addition of a 
primary planet to the system. Indeed, as we have seen, 
so little did the astronomical world then anticipate the 
discovery of a new planet that the announcement by Sir 
William Herschel that he had detected a rao'it remarkable 
comet was accepted on all hmds, md it was only con- 
tinued observation that finally compdled astronomers to 
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accept the new object aa a planet. In the case of the 
discovery of the first asteroid we find a syatcmatio organ- 
ization of astronomical effort to detect a body whose exist- 
ence was conjectured, on the single ground of the har- 
mony of the univorso, or that the law of interplajietary 
spaces, interrupted between Mars and Jupiter, would be 
restored by finding a planet revolving within that vast 
interval. Hence a search was commenced which con- 
sisted in examining every star in the region of the eclip- 
tic, to ascertain whether its place was already laid down 
on any known map or chart of the heavens. Now it is 
evident that if it were possible to make a perfect daguer- 
reotype of any region of the celestial sphere, say to-night, 
and the same could be effected on the following night, 
the L'ompiirisoii of theao two pictures wouM exhibit to the 
eye any change which may have occurred in the interval 
from the one picture to the other ; and hence if a star 
was found on the second and not on the first picture, 
this star might fairly be suspected to be a planet, or the 
same suspicion would attach to a star found on the first, 
but mis=iing on the second picture. Now, a map of the 
heavens, so far as it includes the correct places of the 
stars, answers our purpose quite aa well as the daguerreo- 
type, and any star found in a region well charted, but 
not laid down on the map, may he fairly suspected to be 
a planet. A few hours of examination will show it to be 
at rest or in motion. If in motion, then its planetary 
cliaracter is decided. 

This method of research has been employed in the dis- 
covery of all the asteroids, and there is but one example 
in which a more powerful and searching examination be- 
came necessary. This was in the case of the asteroid 
Cores, which, as we have seen, waa discovered by Piaazi, 
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lit a time ivlioii Imt few olwervatlons could bo iiuido ])i'cvi- 
oiia to its bciiiy lost in tho raya of tlio sun. I'or a loii'j 
thno it seemed almost a liopciesa task to uiiilcrtako tlio 
rc-discovory of tho planet, as the telescope would be com- 
})cl!ed to gropo its way slowly round the heavens, in the 
I'OgioTi of the eclijitioj comparing every star with itH place 
in the chart, in tins dilemma matliemalical unaly«is 
essayed to erect a structure on tho narrow baais of the 
lew observaliona obtained by I'iuKKi, whereon the insliii- 
n\en(al astronomer might stand and point his lelesuope to 
tho preciso point occupial l>y tho lost planet. 'I'he geniua 
of Ciausa Bucccciled in this herculean task, and wlion llio 
telescope was pointed to tho heavens in ttio exact place 
indicated by tho daring computor, there, in the field of 
view, shone tho dclicnto and beautiful liglit of tho lony- 
]i»t planet. 

'I'his was certainly a most wonderful triumph of analytio 
reasoning, yet in this ease the planet had been discovered, 
was knowir to e.xist, and had been observed over 4" out 
of tho 3G0° of its revolution round the sun. On this 
basis of 4" it was possible to rise to a knowlwlj^o of tho 
planet's [Kisition at the end of a few monfha of time. 

Tho case of tho discovery of Nc])tuno is entirely difTei'- 
ent. Here no planet was known to exist, no telescopic 
power, however great, had ever seen it. l''or a^s it bad 
revolved round tho sun in its vast orbit, dr beyond the 
xttmost known verge of tho planetary system, nnfuthoin-- 
ahly baricd ft-om human gasie and from lutman kiiowl- 
cd^. No sage of snttqiiity had ever dreamed of itis ex- 
istence, 'Ihe fertile brain of even Kepler had I'uiled to 
iniagtiie its being, and tho powerful penetration of A'ew- 
ton's gigantic intellect had tailed to pierce to the far off 
region inhalnicd by this unknown and solitary planet. 
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Ifuleed, with tlic kiiowlc<lgc which existed prior to tlic 
discovery of Umiiits, no ImiDiiii genius, iiowovcr mifflily, 
could have jjassed the tremendous interval whieh separates 
the orbila of Saturn and Kepttmo from each other. ^l?ho 
di^overy of an intermediate planet ivaa rcciuisito to ftn-- 
iiish a firm foothold to him who would advciituvo to pai« 
a gulf of not less than 2,000 millions of miles sifc it.s nar- 
1-0 west place. 

W'c shall now proceed fo relate tho circiimatanccs 
which led to tlio discovery of Ncptuiio. As already 
Blatctl, a careful and olaborato study of (lie orhit of 
Uranua had been accompliMhod by M. JJouvard, and 
tables giving the computed places of this planet had hcon 
proijarcd by the same astronomer. It was not antici- 
pated that those tables wouU bo absolutely perfect, even 
if based on perfect observations. Wo niust remembci 
that each body of tho solar system affects mary other, 
and licnco no single act of observations are suflieicnt to 
give a perfect orbit. In ease all tho other worlds were 
blotted out of existence, and thcro remained only tho 
sun and Urnnns, then tbrco perfect oUervations of the 
planet's pl.ieo would suffice to determine positively all 
tho elements of its orbit, and fix forever all tho circum- 
fltflnccs of ils motion. Wo shall call the figure of the 
orbit of Uranus, obt,ained under the above hypotliosin, 
tho normal figure, and the dlip-'o which it woxild dc- 
seriho about the sun, under the nhovo circumstances, tho 
}io)inal (Uijisa. If now wo inlixiducc anofhor planet 
into our sysieiOj as, for example, Haturn, it is possililo, 
as wo have already seen, to compute the exact amount of 
power exerted by Saturn to disturb tlio movements of 
Uranus, and to change the figure of its orbit. In like 
maimer, by adding successively all the interior planetd, 
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it is possible to comp»ito the jiortiiFbations tSuvt each pro- 
duces upon the oi-i)it of atiy pai'ticHliii- ouo, until, fitmlly, 
hy using al! tlic poivcr of analytic roasoning, t!io human 
niiml may roach to a eoinpleto knowledge of all (M^^ihlo 
rfcrangementa pvofhiecd by the combined action of all ox- 
i.stiiig known causes of perturbation. 

Supposing our kiioivledgc in this way to become jjor- 
feet an to the movements and orbit of TJriinus, we ciiii 
then predict its places in all coming time, and llicso pro- 
dictioiiii, Iwing arranged in tabalav form, miiy bo ^'oriiicd 
by eoinparison in after yeara ivith tlio observed places ol' 
liio planet. If now a new planet wero added to ibo HyH- 
tom, revolving in an orbit exterior to that of Uranus, 
pcrtiirljation would ariso from the introduction of this 
disturbing body into our Byatem which would at onco 
Cctuso the planet to deviate from its predicted Iracb, mid 
the observed and comimtcd places would no longer agree. 

Wo can pcit-LUcat onco, fiom thw stitoiKnloi iho 
pioblcm, ihit thisc Miy disutjmnoiLS betl^Len the old 
tmck and the new oni,, pui'iued by the phn(,t, would 
gno us a eluc ushucbj it nuj^lit become po-iSiblo to dc 
toimme, m spire, the poitfion ol tht, di-jtuibnn, Ijody 

IJiHicuIt and nicontpu liensibli, as tlio •\\m\i, (iiobltni 
jnn} Hppea!, it is f« le'is dilfieult ihm thu one attunlH 
pifscntcd m nitiiiC "ffc lu\o snppo td ihi mam I 
f!ln>si,, de cubed by Unnus, to Ik In i m 

Jt ditj, tins ^eiy olh}we hul to bo li i 
of iLisotniig of the most '•i iirhni' i i 
tti, whdi the ^\lioli piobUniH. ilm i 

hui'-bcdbi llic fiLl lliii tin i!u.\n!Hii i 

iciudlybtin^ dHtmbui all tlif Inui < , < < t 

body «ho c position m spicu w ti nsjumd \-- tin 
nmnnl oibit could only be dotcnnmed by a tiuiol ap 
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proxi mat 10113, Irased ujwn the obaervcd places of Uic pliinct, 
it vtm imiiossiblc, in any one of tUcso approximatioiiSj to 
fi-co Uranus from the disturbing cftects of tltc unltnown 
hoAy. It was only, tberoforOj by eomjKiring witli oauh 
otiier tlie results reached by these successive apin'osiiiuv- 
tions to tbo orbit of Uvaima that it becaino manifest tliafi 
no iiicrcaso of accui-acy ivas being rcacbctl by tliMC sae- 
eossivo cftbrls, and after every known ca\iso of dialurb- 
aiicG liad been cavofiilly taken into account, a grand con- 
clufiion was finally i-oaclicd that no satisfactory aecomit 
could be rendered of the movements of Uranus by Iho 
combined cftbcU of all kitowit ilislurbing causes. 

'i'o reaob tbis conclusion rctjuired investigations of the 
inast profound and laborious character, but before it iva« 
possible to explain these anomalous movements of llraima, 
a problem of far greater diiliculty remained to bo solved, 
iin'oiving nothing lesa than a determination of tlio vieiyht 
of tbo unknown planet, its distance from the sun, tlio 
naiiire of its orbit, and its position in the beavons at a 
particular tinio, indicating tbe region to which the felc- 
scopc miwt be pointed to render visible what had hitheilo 
remained for ages utiBecn by the eyo of niiin, 

I'o those who bavo given but little attention to the 
study of these extraordinary problcTiis an attempt to re- 
solve a quesHon like that just pi-csented may seem to bo 
even presumptuous, yet i\ hen wo contc to examine tbe 
eircumstauces, -se shall sec dimly a way whereby we may 
reach a certain appro^imaEe knowledge of tbo place of 
this unknown world. 

1'ho fact that the phniea of the orbits of all the moro 
dislant planets aro nearly coincident with the ecliptic re- 
duced tbe examination to the great cii-clc in tbe heavens 
e«t out by tbe indefinite extension of this plane. This 
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m a most iinj)ovl,nit eonsidoi-ation, and but for tiiis fortu- 
imtc circumstance no powcra of reseavcli could ever liavo 
made even tiie moat distant ftppi-oximation to t!io place of 
tiio unknown planet. 

'I'lic empirical law of Bode, wlici'cby it seemed tliat 
tlic order of distances of the planets ivus governed, UB- 
sij;nc(l to flic hypothetical world a distance about double 
tbat of Uranua, or say, 3,600 milliona of inilea from fbo 
Him. A&suniing this as tlic probable distance, the third 
of Ivcplci s hus would dctcinmio the pciixl of n\olution 
of tlio noild whoHO position was sought It lununed 
now to owdgii a mass and position t) (bu phiKt such an 
would lendei a sitisfictoiy acouiit ot the putmlmtionH 
of IJiinu'i whicli lemimed outstanding iftu the known 
cau3(^ of distuibineo neic exbausttl to lecomphsh 
this let ua leedl to mind tlio fact tint in cis< U \, mem 
distance of tin distmbm^ body hid btui ii,;htl; stlictcd, 
then the interval between Uranus and tlio nnhiawn, 
when in conjuiiefion, would lie about 1,800 milliona of 
miles. In tin's position the disturbing force would exhi- 
bit its maximum power in a twofold sense : firat, to 
cause Uranus to recede to its greatest diataneo from tlio 
Hiui J and, second, to e;iuso the same planet to lag behind 
the place it would othorwiao bavo rcacbed. In tlio 
alwvo figure let U W U" represent tlio com|)uted orbit 
of Uranus, as existing under the eomtii'ie*! influence of 
all litiowii causes, P the place of tbo nnkwnmi, ivhen in 
eonjuwetion with Uranus at U'. It is manifest Ibat the 
foi-co exerted by P on Uranus will tend to nceeleruto its 
velocitj in coming up to conjunction, and to eau^o tlio 
jiatii doiierilKd to lie outside the computed path along the 
dotted line, the planet really reuebing tbo point U'", in- 
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Bk'iid of W in tlio uiidistia-bcd orMt. I.onvinj;; tiiiii |M)iiit 
Ihc force excvtwl by tho itnknowti would roverso its 
cflcut, iiikI a I'eliiiVluiion woulil coiiiHioiiCc, and by slow 



.lo;;iw^ ivi'i'diiii; from llio disturliinj; hody, it would 
j^iinluiiily icUiiii to tlm uudwtuvliod orbit, and tli(.>iu con- 
tinue iinlil the pciiud for tbo next conjiinciion mi|;h6 
appi-oacli. 

Suoh ia a rough cxliibitioii of tho reasoning wliieli wiis 
employed to imiiow the limila of reaeafcli in tho effort 
to point the telescope to the unknown cauKo of the pcr- 
tiirbatioiia of Uranus. JJo aecountj of courac, cjin bo 
given of the nmthenxiitical treatment of tlio problem. It 
was umlortakcn at about tho aitnio time by Adams, of 
England, nnd by Lo Veiriei', of Paris. Kaoh computer, 
unknown to the olhcr, reached a result nlmost Jdenticil. 
IjO Vcrriev eomnmnicated his solution to the Acitderay 
of Sciences on the Slat August, 184T, and on the cveii- 
mg of the ISth Beptemlwr, 1847, M. Gallo, of Berlin 
directed tho telescope to the ponit in which tho French 
gftomcti^i- ilcelared Um unknown planet would be foinid 
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A titiiv of flio ci^litli miir^iiiluilo appeared in the field of 
view, ivbuso jilaco wan iiwt laid down on any liiioivn 
chart. Suspicion was at Oiico aroused tliut tliis inijglit 
po^jibly be the planet of caniputntioii, ami yet it seemed 
incredible that a problem far surpassing in diflicuHy any 
ivliieh hod ever been attempted by Iniinan genius »lioitM 
tliua at tlio first eflbrt have been solved with such mar- 
velous precision. 

Tlie suspcelcd star was examined with tlio deepest in- 
lercst in tlic bopo that it miglit exhibit a ptanofiiry di«k. 
In thisj Jiowevcr, the astronomer was uii success fu I j and 
ihcro rciuaiucd but ono method by wliieli its plancliuy 
cbiiracta' miglit be determined, that of watching suf- 
ficiently long to detect its niotioit. This proeeaa, how- 
ever, must have tried very Borely the palioncc of the oh- 
Bcrvor, as the motion of the planet at so great a dis- 
tance 08 three thousand s'ik hundred millions of miles, 
Wits so slow as to require three cnlirc months to pus* 
over IV space equal to the apparent diiinietcr of tho 
moon. 'I'lio posiiion of the suspected star having Ijuen 
accurately determined on the first m'ght of ohacrvation, 
it bccanio evident on tho next night that tho star had 
moved by an amount audi as was fiiirly due to the slow 
nsotion of bo vast an orbit, It could bo none other than 
tho unknown planet! A success ainioatinfinitoly beyond 
the cxi)eelalioiia of the moat sanguine computer had 
crowned this mighty cilbrtj and the amazing intelligencD 
tiiiit tho plnnot was found Startled tho asti-onomieal 
worltl. 

Tho planet was soon FCCOgnJKcd by tho astronomers in 
ovei'y part of the world, Tiio elements assigned by X*o 
Verrier and Adams by compulation were accepted ovary- 
wiiere with m(«t unhesitating faith in tlicir accuracy, am! 
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it was believed that it only remaincHl fov tlic tdesco|)c to 
verify tlie comptUations of these moat wonderful mullte- 
nmticiHii». Ill t]i\!i till! ast roiioTiiioal world were destined 
to meet a most I'l'iiuirkaiilo liisappoinlineiit. Tlic new 
planet proved, iniloed, i!i.lcr|iii»to to account for all the 
anomalous movcniciita of Uranus, wliilo in alt its clp- 
iiieiit.s it difl'ci'cd so widely frarii tlioso of the coTnputed 
hypotlielioal planet that tlic computed and real planet 
could not in any *vay bo reganled as the same liody. 
II'Ilo first rcstriclion pi-ovcd to bo corrcet, for the orbit of 
the now planet (nfter\s'aii;ls muued Noptunc) did coincide 
almost exactly with the piano of (bo ecliptic. The Bccond 
rest i-ic lion, based on the extension of Jlode's law of in- 
terplanetary spaces, was falsified in the event, for here 
the litw of ]5odo failed, and tho distance of ibo true 
planet was nearly 5,000 miliioiH of mile.s Icps tbaii that 
of flic eoiiiputed one. 

The third rf'*(rieti(iii due to the applicafion of Kopler'a 
thiid taw is\onried in the real planet; but as the dis- 
laiiee of the tsnknoun was a-ssnincd greatly too larKO, of 
conrtfo tbo periodic time depending on this distance was 
also too largo. Tliis by iicecssity involved an error in 
tho mass aaaumcd for (bo unknown, whoso enoueoua dis- 
fcince demanded, of course, an erroneous mass gi-eatov (ban 
that of tho true idanet; and yet, notwithstanding the 
magnitude of the errors of these elements, the eompiilers 
suoi,"ceilwlm pointing tbo tcIetieo|je within icsa than one 
decree of the actual place of tbo body Mbicli bad eansed 
tho unomaloiis movenients of Uranus ! 

W'n will endeavor to render a brief aeeount of fhijj 
mwit astonisbing faet. It ia ovidcnl {bat tho difiurhin;; 
eftcct-'i of Noptune will become mo5t powci'ful when tho 
disturbing planot is nearest the dtstnrbcrl one, or, i;-haf. 



Hn^lcdbyGoOglc 



276 NEPTUKB. 

amouuts to the Bame thing, the ma^itiium cliaturbance 
will occur when the planets are in conjunction. We 
know that the periodic time of Uranus is 82 years, the 
periodic time of Neptune ia 164 years, and hence it is 
easy to compute the intorval from one conjunction to the 
next, which is no less than 171 years. . The two planets 
passed their conjunction in 1822, and therefore the pre- 
vious conjunction must have occurred 171 years before, or 
in 1651 ; but the earliest recorded observation of Uranus 
was not made till 1690, or nearly 40 years after the 
conjunction, and at a time when the 'disturbing force of 
Keptune was so much diminished as to be nearly, if not 
quite insensible, for a Iqng while. The minute disturbing 
power of Neptune still existing in 1690, would go on 
decreasing until, in 1732, the planets would be in oppo- 
sition, and would be separated hy a maximum interval. 
After this date the distance between the planets would 
slowly decreaso aa they approached their conjunction, 
and in 1781, when Uranus was discovered, a small dis- 
turbing eifect would begin to be appreciable, which would 
go on increasing up to the time of conjunction in 1822. 
Thus we perceive that mathematicians found the planet 
Uranus in such condition that the perturbing effects of 
Neptuno were_ increasing in intensity from year to year ; 
and hence no set of elements could correctly represent 
the places of Uranus, because the observations did not 
extend back far enough to embrace the disturbed places 
of the planet at the former conjunction in 1651. No cor- 
rect solution was then possible until the perturbations 
should reach their maximum value, which occurred in 
1822, when the planets were in conjunction, and subse- 
quent to which period the planet Urdnua would slowly 
return to its computed orbit as it receded further and 
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still fartlior from the influenco of the distil rWiig hoily, an 
liiuy he more clearly seen from tho figure !)ciow, in which 
IJie anraibr eirelo may ropi-csont tho orhit of Uranus, thu 
larger one tho oi'btt of Nc[>tuno. For a long wliilc prior 




to conjunction in 1822, Uranus would lie slowly over- 
taking NoptiinOj during which time the dircn;tion of tho 
disturbing force would he such as to accelerate the orWtal 
motion of Uranus, and to increase ita distsuco from the 
sun. Tho acceleration would cease nt conjunction, and 
would there bo changed into ccjual and o|>j>03ito retarda- 
tion, as is manifest from tho figure, while the increase of 
tho distance of Uranus must continue to increase even 
after conjunction, but the disturbing force must .vapidly 
decline iu power as the intci'val between the planets in- 
ercaSKJ. 'Ibus the great problem demanded the position 
of a disturbing planet at a given time, which could ac- 
count for the known perturbations, all of which were 
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coiijimefion in IS'^i. Wliilc thiaiiiirrowiiig offUc; limits 
of sensible jicrtuviialioii jnorcaacd tUc clmnces i)f ilircct- 
iHg tlio telcseoiiio to tho unknown distarber, it Bccnis to 
Jiave really iiiereascd tlio diflbuUy of as^i^ninj^ to lliis 
(iistiu'bcr ills exact orbit. Tiidct!',!, even wilU cii-ciilar 
orbits, acver:U might liavo been chosen, sneli tlisit by vary- 
ing the mass of the Hiikiiown tlic pcvtiirlraliona niijjht 
have been tolerably well rcprcscnlcd, but in case clli))- 
lieal orbits ai-e chosen, then our limits nro much extended, 
and the mean distiincc may bo made to vary ivilhiu very 
bmad limits, provided tlio ccecnti-icity \my bo chosen at 
|>lcasiirc. Thus the ellipse sliown in the fignrc coincides 
between N and N' \'Ory nearly ivith the eircidur orbit, 
and in case a planet revolving in tho eirele could account 
for the anomalies of Ui'anus, tho aanio would be tolerably 
well represented by the ellijets of a planet with a very 
dilfereut period and mean distance revolving in the ellip- 
tic orbii. Now this was exactly the caso as (lovelo|)ed in 
(lie final history of this grand discovery. The great gco- 
niotcrfl cbtee an elliptic orbit of siieli eeeentrieity and 
having its major axis in such position that the computed 
oml true orbits agreed with each other in a most renuirk- 
able manner during the twenty years before and after 
conjunction. Titeir cftbrls were thus crowned with the 
success which they so eminently deserved ; and althoHgli 
tho computcil orbit came finally to differ greatly from the 
true one, yet, for the time when the coinputeil orbit was 
reijuired (0 represent the places of tho unknown, and to 
point the tcleseo|)e to its actual location, the computed 
m'liii responded nearly as perfectly as the true one could 
have done, even had It been then known. 

ft has been already st.itcd that after ihn discovery of 
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Ursinua, ivlicn the elements of it» orbit had been obtained 
ivilb siiflic-ieut acciii-acy to render it possible to trace tlie 
l»limot backwards nmoHg tiie fixed st.ira, it visa ascertiuiK-d 
tJiat it iiad been observed and its yliieo recoi-ded us e;irly 
as 1690, and had been scon many times subsequently and 
prior to its discovery, being alwuya niiatakcn for a fixctd 
star, so we find in the ciise of Noptunc, a like oxanuna- 
tion by Pi-ofcssor AViilkor led to tbo discovery tliat tlio 
new planet liad been twice recorded in position by La 
,l,ando, in May, 1795. 'I'Jieso two observations were 
found to be oTitsido tbe patb wliieb had been assi-^ned the 
planet by tlic tlicory of both Iio Verrior and Adauis ; and 
sueli was the deep conrLdenec in tbo accuracy of the ele- 
ments assigned by tbesc two geometers tiiat it was with 
great difficulty tbnt sonsc of tbo ablest asti-ononiei-a could 
he indncetl to believe that tbo missing star twice observed 
by La Landc could be tbe new planet. Tbe identity was, 
1 e 800 Ic o itetl, and Iicneo arose the disctts- 
s c led to tl leelaiiition by an eminent mathe- 

1 cry of Noptunc waa tlio I'esuH oi' 
we have scon that the grand pro- 
y ! tile I'Vonch and English astrono- 
olved with such astonishing pi-e- 
teloacopo in the direction of the 
k 1 oducKi the lato cxeessiw pertur- 

s ot U -a It -cmains, 80 far as 1 know, yet to 

1 \ 1 c data in possission of Adams and 
1 ^ c c >o so reatcd by analysis as to ^ive an 

o 1 o k ore nearly agreeing with that of 

k pi ct 

"N E,— The vast disttnco to wbicii 

N o I ed 9 aec wJU perhaps render it impoa- 

o lo m y B:itollitc3 revolve about this re- 
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mole primiiiy. !l'lic gi'cat refraetoi'a liavo certainly dis- 
eovei-ctl the cxiHlcncc of ono fiiitellitc, and imotlicr is 
suspected. 'I'iie discovery of titis ono satellite of Soptuno 
becomes, under all tlio c ii-cu in stances j a matter of cleeji 
intci'tst, B8 it cnaijlea us to (letcrmiuo tbo ma^ or weight 
of the ])rimRry, a matter of tlio firat moment in comput- 
ing the effects of the planet lis a disturbing body. 'I'lic 
siiteJlito is found to perform ils revolution about tlio 
primary in a period of about five days and twonty-ono 
lioiivs, iind at a. niciiu distaTtco of 232 tliousand milca, or 
iiectvly equal to the distance of o«r moon from tlic earth. 
In e;tso tlicsc distances avo ossumed to be exactly «pial, 
then as at the mmo distance the centrifugal force in- 
creases B3 the sijuarc of tbo velocity, and aa the velocity 
of Neptune's moon is about four and a half times greater 
than that of our moon, its centrifugal force in ils orbit must 
be 4.5x4.5, eipiul to about twenty times tbc conlriftigal 
force of the moon. Now, tbo attractive force of Nep- 
tune is exactly proportional to its weight or mas.s, and 
hcneo, to counterbalance this centrifugal foive in bis safcl- 
hto, which is twenty times as great iia that of the moon, 
llio ma^ of Neptuno must ho iM-onty times as groat its 
that of tbc earth. 'L'hus has been revealed not ono 
world, but tivo — tbc one containing a mass of matter 
sudicicnt to form no less than twenty worlds as lioavy as 
our eailli— Ihc otltcr a Batcllito, indeed, of the fu'st, yet 
sufficiently ki^e to send Irack to us, at a distance of 
;-S,OU0 millions of miles, the light of tho sun, cnfc.;blcd 
hy its disper.sion over this vast distance to tbo onc- 
thouiWiudth part of the intensity it pours on our earth. 
Wo have readied the known boundary of that mighty 
conrdcraiion of revolving orbs >vhii;h, whilst they a<;- 
kiiowlcdgc In the nmst specific niiiniLt.r a nnttual dcpenii- 
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ciice, arfi nil controlled by tlto predominating hillucneo 
of tlic HUH, ivliieh occtspiea the coiniaon focnH of all tlioif 
orbits, aiul avoinwl \vhicli tlioy all roil and sliiiic in oliudi- 
eiiec to tlio grand law of universal grivvltation. 

■\Vo siiall now rotraeo ouv stops toward tlio sun, and 
consider a remarVablo class of bodies, which for agea wcra 
rcgnrdctl aa evanescent meteors, suddenly bbiHtng athwart 
the sl(y, and as suddenly fading from tlio vision, never 
iiioi-e to i-cappear. Modem scienec Ims given to tlioae 
bmlics dotcrniinatc orbits, and in florae instances, m wo 
shall SCO, hiis assigned them a permanent place among tlio 
Kulellites of the sun. 
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CHAPTER XIV. 



THE OOMETa, 

iKTOLVB IH BOHS OBB OP TDE CoBlO SsOTlOKS.— CHAHAOT: 

m CHRViil—OoiiET or 1680 Siaoiss, et NEWIOH.-Cotnrr 

' HiLLET-S CUUBT."— Im QlBTOBS.— IlB EeTOBS PbIDIOTI 



In all ages of the world these anomalouB objects have 
excited the deepest intereat, not only among philosophers, 
but among all classes of men. The suddenness with 
■which they sometimes blaze in the sky, the vast dimen- 
sions of their fiery trains, the exceeding swiftness with 
which they pursue their journey among the stars, the 
rapid disappearance of even the grandest of these seeming 
chaotic worlds, have all combined to invest these bodies 
with a power to excite a kind of superstitious terror which 
even the exact revelations of science cannot wholly dis- 
pel. History records the appearance of these phenomena, 
and in general they were regarded as omens of some 
terrible scourge to mankind, the precursors of war or 
pestilence or famine, or at the very least announcing the 
death of some prince or potentate. Some of the ancients, 
of course, rose above these superstitious ideas, and the 
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Itonian philosopher Seneea even cnlcrtninixt tlio Oiiiiiion 
that these erratic }>oi:lic3 woxild soino day fall ivithiii tho 
tlonmin of hiiman knowledge, that their paths among tUo 
stars wouUl eventually be traced, and that they ivoiihl l)o 
found hi the end to be perraaneiit memhcra of tho liolar 
system. How rcinarkahly this prediction has hcen veri- 
fied will appear in tho concise sketch Vio aro about to 
present, 

'L'lie discovery of tlio law of universal giavitation WM 
followed hy a niathematienl dem oust ration, atso accem- 
plislicd hy tho great Kn<;listi pliilosophcr, wliieli was Iho 
reverse of tlio problem he had just solved, and may ho 
announced as follows : Given, the inlensilii of a Jived 
cenlral force, dccreasinj in pownr us the squares of 
the distances itiei-easc, and (he direction and intensity 
of an impulsive force operating to set in woli'ht a 
body subjei:t to the central power : Jhf/nircd, the na- 
tare and figure of the path di'xeril/cd by the revolrii/g 
body ? 

Previous to the resolution of this prohlein Newlon 
iiatHrally expected to fmd tho curvo sought to be an 
ellipse. Tho sun was tho source of a fixetl central forco 
which obeyed the above law. I'lio plaueta wore rclaiiied 
in their orbits hy (his central force. 'Jllieae doserilwl 
ellipses in their revoliiiion around the snn, and it was 
natural to eonehide that tho soliitioa of the inverse pro- 
hlein would lead to tho olllptio orbit. On cijmploting ihe 
solution and iMsichiiig tlio matliomatieal cxpvcf'sion rqjirc- 
Konting tlio orbit, it was found not to lie tho nsiia! ex- 
pi-cssion for the olliiao, and after carcfnl examination 
provetl to bo the gcnenil expression, embracing within its 
grasp Jio less than four cnrvcs, tho circle, the ellipse, the 
parabola, and the hyperbola. 'Clscao ciirvca arc allicil in 
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a most remarkable manner, having certidn propertiea in 
common, and having in one sense a common origin. 
They may all be obtained by cutting the surface of a cone 
by a plane pasamg in different directions, as may be eeeu 
from the figure below. Let A be the vortox, and ODE 
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L the circular baas of a cone seen oblic[uc]y. Any plane 
passed parallel to tho base, or perpendicular to the axis 
A E, Tvill cut from the surface a circle, as !F E G. A 
plane passed obliquely to the axis will cut from the sur- 
face an ellipse, as M 0'. Any plane passed parallel 
to the side of the cone A C will cut the curve T W X, 
called a parabola, and any plane passed parallel to the 
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axis of the cono A )i will cut out fmm tlic surfaco tlic 
eui-vo K I L, ealM an htjpcrboUi. Tlirao ciit-vcs iifc 
fliiis all (Icrivecl from tbc eoiiio swrfftco by intorscctiiig 
it with a piano, and arc lioiice called conic seclions. 
Now, a little oxamuiatlon will show ua tlmt while tUo 
circle ami ellipse arc re-cnteritiy cui-vcs of limited ex- 
tent, this 13 not the case with the pavabola and liyjMJV- 
bola. If the conic surface woi-O iudofiiiitoly extcniled 
licloff the l)iiso, it is ovJdetit that the cutting plane X \\ 'V, 
hoiiig |>arallcl to tlie side A 0, eoiilil never cut fhat }>ar- 
ticular line, and hence the pai'ahola, depiirting i'mm the 
point U, and passing through T and X, would extend in- 
definitely on the surface of the cone without ever coining 
together, thouj^U the curves would approach cacli oilier 
for ever, 'fhus the parabola is the Ihnit of all iiossililo 
oHipscs; for it is manifest that m tlic cuKing phme 
becomes more and more nearly parallel to l!io wide 
A 0, the axis of tho ellipse cut out grows longer and 
longer, ami just at the point where parallelism is reached 
the paraholrt is formed, and it is oidy un ellipse with an 
infinitely elongated axis. 

While it is acen that the branches of tho parabola ap- 
proach each other, and may be said to come together at 
an infinite distance from tho vertex at W, this ia not llic 
case >vith the branches of tho hypcrhok. Departing from 
tbo vertex I, and passing tho [wintfl K and Ji, tbo 
branches of tho hy|)ci'bola I'ceetlc from each other for 
over, losing by slow degi'cea their curvature, until at an 
infinite distance the curvra dogeneralo into straight lines, 
and thus continue to recede for ever. Such arc some of 
the general elmractei-istyes of these remarkablo curves. 
'I'hcy all, like the ellipse, liavc a major axis, on each 
Bide of ffliich they aro symnieirical. Tlicy all have at 
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leaat one /ocKS, poasesaing special properties. They all 
have a vertex Ijing at the extremity of the major axis 
aad the nearest point of the curre to the focus ; and, 
strange as it may seem, in either one of these curves 
mathematical analysis demonstrated that a satellite of 
the sun might revolve under the law of universal gravita^ 
tion. The elliptic orbits of tho planets and the circular 
orbits of some of the satellites of Jupiter presented 
exatnplea in the heavens of two of these curveSj and it oc- 
curred to the sagacious mind of Newton that the hitherto 
unexplained eccentricity of the cometary revolutions 
might be accounted for by finding tiat they revolved 
around the sun in elhpses of great eccentricity, or pos- 
sibly in paraholie, or even in hyperbolic orbits. The 
English astronomer had the opportunity of putting to 
the test this grand idea by the appearance of a great 
comet in 1680, which displayed a train of light of won- 
derful dimensions and seemed to plunge nearly vertically 
downwards from the pole of the ecliptic, majJe its peri- 
helion passage with almost incredible velocity, and witli 
a speed always diminishing as it receded from tlie sun 
again swept out into the unfathomable depths of spaee. 
To this comet Newton first attempted to apply the law 
of gravitation, and to assign it an orbit among the conic 
eectiona. This could be done in the same manner from 
observation aa in the case of a planet. Having obtained 
as many places of the comet aa possible among the fixed 
stars, it remained to see whether any elliptic orbit or 
any parabolic orbit could be assigned the comet which 
would at the same time pass through all these observed 
places. If this could be done, then it would become pos- 
eible from this known orbit to predict the places of a 
comet as of a planet, and in the event of the orbit prov- 
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jng elliptic, then the return of the comet to its perihelioa 
might be computed and announced. 

The comet of 1680 was carefully studied by Newton, 
and ita orbit waa found to be an extremely elongated 
ellipse, approaching very nearly to the form of a para- 
bola, but ■while its physical features and ita near approach 
to the san made it an object of extraordinary interest, the 
exceeding velocity with which it swept around the sun 
rendered it difficult to execut« exact observations, and 
hence thia comet was not well adapted to demonstrate the 
truth of the rigorous application of the law of gravitation 
to the orbital movements of these eccentric bodies. 
Another great comet appeared two years laterj in 1682, 
to whose history there attaches a special interest, on 
account of the fact that it was the first of these bodies 
shown to have a permanent orbit in connection with the 
solar system, and the first whose periodic time was 
sufficiently well computed to render it possible to predict 
its return. This comet bears the name of the great 
English astronomer Halloy, to whom we are indebted for 
the computation of the elements of ita orbit^ — a problem, 
at the time it was executed, far more difficult than any 
belonging to the whole range of physical astronomy. 

The elements of the orbit of a comet are nearly iden- 
tical with those which fix the magnitude and position of a 
planetary orbit. To obtain the magnitude of the comet- 
ary ellipse we must have two elements, the length of the 
major axis and the perihelion distance. To obtain the 
direction of the longer axis we must have the position of 
the perihelion point ; thia point, being joined to the aun'a 
center, gives the direction of the major axis, To obtain 
the position of the plane of the orbit we must have the 
place of the ascending or descending node, and also the 
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ineUnftimt of the piano of the eonietary orbit lo tlmt of 
the ecliptic. If, in addition to thew elomoiits, wo huvo 
the time of perihelion passage, then it becomes po^iblo 
to follow the comot h\ its erratic movenicnts with a cer- 
tainty almost aii great as that with which the orderly 
niovaiiieiiti) of tlic planets arc purflued. 

On [lio appciiniiicc of tho gi-cat comet of tC82, Ilalloy 
undertook the laborJous and liitlicrto unacuoniplislieii task 
of computing I'igorously tlie elements of its orbit, wliieh 
task lie aecomplisJicd after incredible labor in the most 
Hiasterly iiiamior. It then occurred to liim to gather up 
ail historic details with reference to the appearance of 
comets, as well as all astronomical observations, so that 
by examination and inter-comparison ho might learn 
whether any recorded comet had over puvsueil tlio saino 
track ill the heavens which had just been pasactl over by 
the comet of 1C82. In the courao of this historical in- 
vestigation he found that comets, somewhat roaombling in 
physical appearance, and traversing nearly tho samo 
regions of apace passed over by his own comot, had ap~ 
peai-ed in tho yeara 1531 and 1607, and now again in 
1682. These epochs are separated by an interval of 
between seventy-fivo and soventy-six ycai-s, and llalloy, 
after long and laljorious computfttion, announced that in 
1759, three (piarfcrs of a century from tho date of tho 
prediction, tills same comet would again return to oiiv 
Hystem ! Wo can readily sympathiMo with tho feelings 
of this great astrononicr when wc find him appealing to 
IwBtcpity to rcnicmbor, in the event of bis pi-cdiction being 
verified, that such an occurrence as the return of a eomcfc 
was lii*st announced by an ICnglishman. As the year 
1 759 approaoheil, tho prophetic declaiution of llalloy cx- 
ojted an unusual interest thraughout tlio astronomical 
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world To predict tlie exact point in the lieavcna to 
wliicii tbo tc1escoj>o must be direck'il to catcli the fii-nt 
faint glimiKic of Ute retHviniig sti'.tit^r, Jintl to givo tlio 
date of its porJlielion pa&siigo, reqnivetl iru'ratigationa of 
HO high an or.lcr, that in caso thoy had been dcmandral of 
Jliilley, sovcnty-aix years before, the tltcu existing con- 
dition of nintlicinatical and jjliysical sciciico ^lonld not 
have furnished tlio moans for thoir iiceoniplishnieut. 
The whole sulyect of planetary perturKttiona liad by this 
tiino been tolerably well developed, and the laboriona 
task of computing the disturbing iniiiicncc of Jupiter and 
Saturn wm undertaken by Clairault, aasihtod by l.;\ 
Lande and by a lady, Madam Lepauto, whose name Mtands 
in honorable union \^ itb (ho two profound niaflieinatieian'i. 
After many montlis of indefati^.iljlo labor the coinputeis 
announced that for want of time they bad been eompelled 
to omit several matters whiub might make a dill'ercnec 
of thirty days, one way or the other, in the rctuyn of tho 
comet, but tbat within thc^e limits this long lost celestial 
waiidcror would pass his perihelion on tho 1 3th April, 
1759. 'JHic limits of error were justly chosen, for tho 
eomot aelually returned and passed its jwrihelion on tho 
■12th of March, just a month ahead of the predicted time. 
'i'iiia successful computation settled for over tho doc- 
trino of the cometary orbita, and deraonslratcd beyond 
doubt their subjection to tho attractive (wwor of the sun, 
inul that this orb extended iia influence into tho profound 
dcptbaof space, to which tho comet descended during its 
journey of seventy-six yeai-s. It was further established 
that nancy's comet was a permanent member of tlio 
solar system, pcrformijig it3orhit;\l revolution around tho 
wini in an exceedingly elongated cUipsOj but with a I'CgU" 
larity equal to that of the planets. It was further dc- 
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tcnninctl that tlio oiitiixi taass of tUo comet wirs very iii- 
cousidembJo, as no account ol' ttiis niiiss was nmilo in the 
(»inj)utatioiis for jwrtuvbation, whilo the maaiH;s nf .1 n|ii - 
ter iiiid Saturn i-oqwired to bo known with luoci-iioti. 
This eomot iiaa returned a secoiicl time HJiicc its disciivcvy 
by Uiiltcy, wiien its ciciiionts were more accurately ob- 
tiiinctl by many modern nstronomcvs, ami pcvliaps best of 
all by Ilenmam WcsfpfialcH, who predicted ila pori- 
liolion jjassagc, after an absence of scvoiity-six years, to 
within five dtitjs ! 'I'liis appenvaiiec took pkcc a.t tho 
close of 1835. Wc shall Imvo occasion to recur to thi« 
comet again when -we come to H]ic;ik of their physical 
constitution. 

Wostphatcn funiishos the following as the uetiial di~ 
nionKious of llailcy's comet :■ - 

I'niliplioii lUsl.iiice, 65,!II10,000 milD.i, 

AiJieiloH " ;!,;!T0,3Orl,0ni1 " 

jA'liEthof tfio major ii\i-i :t,ir2G,2<lli,U09 " 

JireadHioftlioorbil, i!2G,SI0 0,000 " 

It is thH3 seen tlmt in ils Jininioy from the suit this 
comet croMCS tiie orbits of all the known phinel.-i, and 
)ias.seH the boundary of Noptuiic more than three hundred 
milHons of miles. 

Havhig thus denionatratod tho sniiordi nation of thesio 
extraordinary iKjdica to tho law of univcrsiil gravitation 
and to tlie received laws of motion, we will priici^cd to 
cxiiniino their 

Physical con'sittution'. - Tlio solid earth ive in- 
habit, the moon, her satellite, tho sun and all the phuiei;;, 
are compact masses of matter of differing deiirtiits\5, biU 
of fyrm, compact materials. The comets, on the eoiilrMVy, 
as a class, seem to be vajiorous ntasse.^, tin- more unsuli- 
Btantial tlian the lightest sunmtcr cloud, and in general 
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transparent, or at leaat translucent, even in their most eon- 
densed portions. Ttis is evident from tlie fact that the 
minute stars are still visible with undiminished light 
when seen sometimes through a depth of cometary mat- 
ter millions of miles in extent. Comets in general con- 
sist o( a, nucleus or head, the center of force and the moat 
condensed portion of their matter. Around this head 
there is seen usually a vaporous envelope or atmo3phere 
of greater or less extent, sometimes evidently divided 
into concentric layers of nearly globular form. Many 
comets, on approaching the sun, undergo extraordiniwy 
physical changes in the head or nucleus, which experi- 
ences an excessive agitation, flinging out jeta or streams 
of fiery light in a direction towards the sun, which as- 
sume many and strange forms, sometimes spreading out 
into a fan-shaped figure, and rapidly fading in i 
as they recede from the nucleus. This phenc 
most invariably attended or followed with another even 
more remarkable — the throwing ofi" a train of luminous 
matter, called the (ail, in a direction opposite the sun, 
and sometimes extending t« a prodigious distance. Thus 
the tail of the great comet of 1680, already mentioned, 
according to the computations of Sir Isaac Newton, 
reached to a distance of more than 140 millions of miles, 
while only two days were occupied in projecting this in- 
scrutable and mysterious appendage to this enormous dis- 
tance. The foiTQ of the tail is usually that of a hollow 
paraboloid, the nucleus oecupymg the focus, and thus 
the tail, as it recedes from the head, seems to diverge 
into two streams of light, while the axis or central line is 
comparatively dark. Sometimes, as in the great comet 
of 1858, the region immediately behind the nucleus on 
the axis is Jei Mack — the intensity of this blackness 
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growing less and loss alonj; the i\xk iinlil It fimiUj lailts 
out iii tlie general hiininosity of tlio tail. 

I'hc imeleus is Bonietimca tolerably well riciinefl, and 
pvKjcnte a planetary disk of greater or le^s iiiugnituclc. 
ii is not intended to assert that there are no conicta whieh 
urc BoHd hollies, at least in some portion of thoir central 
uiussea. Indeed, if wo are to credit the i-eeords, sonio 
have been seen in the act of crossing tlio disk of tlic sun, 
ivliOTi tlicy liavo appeared ns round, ivell defined, circu- 
liir black spots, exactly like tlio planets A' onus and Jlor- 
cury, when seen in the same condition on tlio bright sur- 
face of tbc sun. li'or tlic moat part, Iiowoicr, wc know 
that theso bodies do not pivsent any evidence of solidity. 
'J'heir heads or nuclei are ill defined when exaniinod by 
powerful teloaeopes, and their gaseous condition is demon- 
strated by the fact that tlicy exjiand and contract llieir 
dimensions wilK great rapidity, aceoitling to cireiim- 
Btances. 

This contraction gcnei'ally takes place as the comet ap- 
proaches its perihelion passage, which is certainly a very 
curious fact, and quite conti'ary to what we would exjiect, 
as tlie excessive heat to which a comet must bo subjected 
in j^rihelio ought (as would seem) to grciitly expand ita 
dimensions. It is doubtlesa owing to tlio fact that tins 
enormous heat extends its iufluonec so far that the vapor- 
ous mass is expanded and rarificd to sufih a de;,;rce »h io 
become absolutely transparent and invisiblo, and it is Oiily 
when velcasecl from thia intense lieat by recos:; ihnu tli(> 
sun that a condensation takes place, and Uni^ Cm- ■.ww 
ing dimensions of the comet increases, jt i« dtllu'iilt iii 
comprehend how* soino of theso bodies, in their iicari^.'St :ij)- 
proach to the mm, arc not absohitely burned up and dis- 
sipated for over. The great comet of 1080, when in 
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pcriliclio, was only about 147,000 miles distant frara the 
sun's Burfauc ; and atbnitting that tho lieat of tho sun 
diniinishu!) as tl^e sc^uaro of the distaneo increases, Now ton 
computed tliiit the comet was subjected to a heat 2,000 
times more intense than thatof rerf hoi iron. The great 
comet of 1843 ia computet! to have approached the sun'3 
Huifaco to wUiiiii lialf the atjovo distance, and Sir John 
llcrrichol computes that the intensity of tho licat then cx- 
perieiiccd by this comet was 4T,000 times greater tlian 
the tieat of tlio sun as received at tlio earth, or more than 
twenty-eiglit times greiitcr than tho heat concentrated at 
the focus of a lens of tliirty-two tnchea diameter, whicli 
molted agate and rock crystal, and dissipated tUeso re- 
fractory solids into an invisible gas ! 

After passing under the hiflucncoof such intense heat, 
it scenia almost impossible that any well defitiod form 
should ever be itwovercd, and yet the comet of 1680 nnd 
that of 1843 finally receded froin tlio nun, tho nucleus 
in some mysterious way slowly gathering up its dis- 
persed particles and sweeping away into the depths of 
Hpiice, a woH-dcfincd luminous object, not in any sensible 
degree injured in its form or mugnituOc by this fiery 
ordeal. 

'I'ho envelopes of comets and their (aih avo by fiir tho 
most iiiMcrutahlo problems of nature. Of these plieno- 
inena no satisfactory account has yet been rendered. 
Tho cnvcloiHMi of tho comet of 18S8 were beautiful in 
ibrin, with a well definoil circular outline, in whoso center 
tho nucleus blsKod with its fiery light. The diameter of 
this seemingly globular mnas changed fi'Oin night to night. 
Its texture varied; simetimes evenly and besiutifully 
shadeil and f^uzc-liko in iis Huvface, and sometimes Ibis 
gauKy surface broken by dark and irrcguhr patches. A 
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second conceiitviu sphere became visible, faiiitei- iti ils 
outline tlmu the iiitcrior oiio, arvX fiiiylly a tliird circle 
dimly proaoiited its outline, very faint, and only to bu 
Bccit in poivoi'M tolosco|ies, unilcr ^vovablo circum- 
stances, 

'I'Jio beautiful forms exhibited in these envelopes and 
retained by tbcm bccuis to doiuonstcate the osiMtoiicc of 
Bomo central repulsive force located in the nucleus, and 
capable of holding these gaseous pavticlca in ct|uilibriutn. 
AVliat thia force may be it is vain to conjecture. If the 
envelope of the nucleus is a phenomenon siiv|»assinf; the 
reach of luiniaii thought, what shall wc say of the still 
more mysterious and inconiprohcnsi!)lo phenomena pre- 
sented in the tails of comets ? 

Wo have already said that tlicao tails arc (liroivii off in 
a direction opposil", tlic sun as the comet a]>pr«aclics ils 
perihelion passage. As tho comet sweeps araund t!io sun 
with almcet inconceivahio vclooity, the tail retains its di~ 
i-ection, just as though its axis wore a solid bar of iron, 
pa.^ing through the nucleus to tho sun and himging on 
the center of tiio solar orb. 'this bar, extending out to 
the farthest extremity of tho tail, sometimes 120 millions 
of miles boyond the nucleus, sweeps round angularly witli 
equal i-apidity at every point, so that it« rectilinoiir figuro 
is pi-oservcd in tins tremendous sweep. In case the tail 
wcTO eonipjsedof ponderable particles, obcilieiit to tho 
lavra of gmvitation and motion, this would bo inipoHiiible, 
for if wo consider each pvrtiolo an independent body, dc- 
Bcriiiing an elliptic or parabolic orbit about the iiiin, 
tlie laws of their motion wonld compel the nsore disi^ust 
l«irtieles to lag bciiind tho nearer ones in angiihu- 
velocity. 

If no comet cvor exhibited any otlier ihan this peosiliar 
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form of tail, atmiglit and direcleil from \hc, sun, iva 
might fmmo an hypothesis which could account Hir lln; 
fituts; but in some instancis tJiero are many laila to Uio 
Olio Duclous, and Iheao not slraigltt, but curved like a 
cimetar. 1\\ other eases thoTO arc two tailsj the one, rs 
uaual, dimctod /roHt tho sun, tlio other pointing towards 
tlio source of ligiit. Sometimes tho principal tail is 
straight, and in the dii-eotioii fi-oin tlio aim, while a labjral 
ray sliooUng from the nuelons )nay form with tlio axis of 
the tail an angle of thirty or even sixty degrees. 

Wo liavc already said that the tail awinga around tho 
sun in the perihelion passive, preserving its form and di- 
rection, and lience, when tho comet is iveeding from tho 
sun, the tail, in all its vast dimensions, is driven Ijcfore 
the head of the comet, prceetling tho nuelcus as it sweeps 
outward into space. 

In some instances coixuscntions have hccn noticed to 
take place in theac grand hut mysterious appendages, 
darting with incrodiblo voloeity from tho very nuolouii to 
tlio extremity of the tail, and thus flashing backwards 
and forwards like a magnificent auroral display. 

'i'lio question ariBCS, What aro theao lutninous dis- 
plays? Ave the tails of comets composed of pondei-ahlo 
matter ? If so, do they yield obKiienco to the known 
kwB of motion and gravitation ? Is there any matter in 
the univei-sa whieli may evor become luininoua, but is im- 
l>ondei"abie ? Can tlifae tails he a mere cftfcct produced 
on the waves of light emitted by tho sun in patisiiig 
through the mass of cometary matter ? These and many 
other questions equally diHicult pv^cnt themw3lvcs in 
this connection. 'I'ho i-o-absorption of tho tail into tho 
head would seem to demonstrate that the matter ctimjnH- 
iug the tiiil was ponderable, while the fads already staled 
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!is to tlio I'Jgitl form iiroaorved by the tail in sweeping 
iiTOuiiil iho aim |K«iUvcly contradiota tliis liypotltesis. 

Oho tiling wo know ; coraotavy mattcv is jKimlcriiblo 
matter, and oboya the laws of motion and gravitation, is 
Hwaycd by tlio aim and by the planets, and in all par- 
ticulitm complies with tlio laws governing otiicv ponder- 
ablo miittor. '£\m wo know, because, m wo have seen, 
it h possible to predict tho return of a comet revolving 
even in so great a period aa sovonty-fivo years, and such 
predictions Iiavo been rigorously vctified. tn case any 
portion of this pondembla matter were abaorbcd in the 
Bun, or dis,sipated by tlio int«nso heat whieii it suffei-s in 
tSio [jorilicHon piwMgo, thou would tho mass of tho comet 
grow losa at each return, and the periodic time would 
slowly diminish. Thero h ono comet, named after its 
illuslrJous diHcovcror, Eueko, whoso history for the past 
thirty years baa been followed with high interest, l>c- 
cause it is now a fixed truth tiiafc at each rotnrn its pcri- 
Jielion passage is accelerated by about two and a half 
houi^. It revolves in an elliptical orbit of small dhnen- 
aions comparatively, and performs its revolution around 
tho sun in a period of only 1,205 days, or about thi-co 
and a third yoais. By a^uming tho exiatenco of a rare 
rcmsthtg medium, Profi^sor Eneko has sucecedod in ac- 
counting for tho aecoleration in tho motion of theso 
comets, and this hypothesis has been generally received. 
In case its trutli becomes csta<blishcil it involves remote 
consc(iucncca from which tho mind naturally revolts; for 
if ihci-e be a mcdiunt capable of destroying any portion 
of tho velocity of Knoko's comet, tho same resistance 
Huist in like nxanner destroy a part of tho orbilal velocity 
of o\'ci-y planet and satellite, and soonor or Ittler each in 
its turn nmst by slow dcgrei^ approach tlio sun, and in 
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the end this grand central orb must become the grave 
of every planet and satellite and comet I Such an hypo- 
thesis ia comhatted, possibly disproved, by the feet that 
ita influence has not yet been discovered on any one of 
the planets or on any satellite. It may be argued that 
on these solid substantial bodies it would require ages to 
produce sensible effect, while on the vaporous ethereal 
mass of Encbe's comet even an almost evanescent medium 
might produce a sensible effect, even in a single revolu- 
tion of 1,205 days. May it not be possible to account 
for the decrease of the periodic time of Encte's comet 
without having resort to an hypothesis involving the 
destruction of the entire universe ? In case we admit 
that it loses a portion of its ponderable matter at each 
perihelion passage, then there must result an effect like 
the one observed, the comet slowly approaching the sun, 
to be dissipated entirely, however, before absolutely fall- 
ing on the surface of the central orb. 

However, it is useless to speculate. The faets now 
in our possession are not sufficient to enable os to render 
a satiafaetory account of the various phenomena in the 
physical constitution of these bodies which have been 
enumerated, and we can only hope that the diligence 
and pertinacity with which this branch of astronomy ia 
now pursued, may before long eventuate in removing 
from the science this only source of doubt and uncer- 
tainty. 

In the meanwhile the conclusions reached by Sir Jolin 
Ilerachel, from an extended and careful observation of 
all the phenomena presented hy Ilalley's comet in 1835, 
6, have been strengthened by the facts recorded both in 
Europe and America of the great comet of 1848, All 
the observations go to demonstrate — 
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1. That the surface of the nucleus nearest the sun 
becomes powerfully agitated, and finally bursts forth into 
luminous jets of gaseous matter. 

2. That this matter, with an initial velocity driving it 
towards the aun, is by some unknown repelling force 
driven backwards from the sun, and drifted outward from 
the sun to vast distances forming the tail. 

3. That a portion of this vaporized material is not 
subject to this repulsive force, but remains under the in- 
fluence of some equally inscrutable central power lodged 
in the center of the nucleus, and forming the corona or 
envelope, and aasnroing forms of great delicacy and 
beauty. 

4. That the force which ejects the tail cannot be gravi- 
tation, as it acts with a power and in a direction opposed 
to this centra] power. 

5. That the power lodged in the nucleus, and by whoso 
energy the particles composing the tail are again re- 
absorbed into the head, cannot be gravitation, as the 
minute mass of the comet could not by its gravitating 
power bring back the particles Sung off to such e 



In this catalogue of inscrutable phenomena we must 
place the remarkable fiict of the splitting up of a comet 
into two distinct portions. A comet of short period, known 
as Biela's comet, revolving in about six and three quarter 
years, was recognized as early as 1826, as a permanent 
member of the solar sjstem. 

This comet, at its appearance in 1832, excited a pro- 
found sensation, in consequence of the prediction that it 
would cross (he earth's paih, thereby creating the great- 
eat alarm among the ignorant leat this crossing might 
1 a collision between the comet and the earth. 
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'I'lie proilii'lmiL «,i3 verified, liut «hii« llii-, comet was in 
llie act of iTossinj; tlic envHi'a track or whit, the wiriii 
was many iiiillioiia of miW reniovttl from this spociu) 
point of infcrecction. 

The a|>|)u:iiiiiicc in 1810 was a^in rondci'cil mcnior- 
tthlc hy lUc fltraiij^e iilicuomciion ahcudy iiiomioncd -tho 
nctuiil sovcration of the comet into two boiliei, lUaliiiet 
and sciwiratc, cacli conictary in its appearance, and cacli 
iilteinatcly ]n-c]iondcratinjf in np|KU-ciit iiiii';riitudo ami 
bi-illiancy. 'I'hesc t«o comets possLvsi'd nil the cliarao- 
tcristics wliioh mark tliese anotualoHS lio<lics lOach had 
its nucleus, its envelope, and its tail. The fiiat indica- 
tion of II Reparation occuned as ciivlyaa the lUth Dccein- 
Iwr, 1846. By the middle of January, l«40, the scpa- 
mtion wiia uoniplctc, and waa well oh.-<<'rvcd in Kuropo 
and Amenca. 15y the begiiminj; of March the intcnal 
had inoi-eascd to a maximuni, v,hi:n it was about ono-thii*d 
as great as the a]»j>iu-ent diameter of the moon. From 
this time the companion cunict boj^an to fade, remaininj; 
faintly visible up to the IHih March. After this the old 
oonjct remained single, and finally disappeared. 

Here wo imve phenomena of the most extraordinary 
character. What convulsion could have split this nebu- 
lous mass into two disliuet fragments ? What wondcri'iil 
j)0»vcr could have occasioned the alternations in the in- 
tensity of their light? What mj-sterious bond eoiild 
hnyc united these sevci-ed ant! aeparatcd boiliea, and 
causal them to vibrate about their common center of 
gmvity ? liavc tlicso botlieB Jjceii pci'inaiiently re-united ? 
or will they ever appear as individual ami indcpt^nd- 
ent objects? 'Sheaa questions it is wow impossible to 
answer. 

TilK suMiiSR OF COMETS far exceeds that of the planets 

Hn^lcdbyGoOglc 



.mil ilicir s^atcllitf'i, ami, iiidued j«il;!iii;t rhjiti tlw M of 
iLCunictl coitwjts, ami tiikiHj; into acamnt tlio fiiet ttiat 
nmltiludca of the80 bixlits must oscapo notice utitiicly by 
tlieirrciaaining above tho liorinon in tlioilay time, wo am 
foi'ccd to tiie coiwliision tliat titcy arc not to bo nuTiiliured 
by Iiuiidrcds or thousands, bat probably by milliojisl 
'J'licy scciu to obey no law as to tbo inclination of their 
orbilB or the (lii'oction of tlioir motion-i. Homo ajipcar 
to plunge vertically doffiiwarda from the very pole of the 
coli|)tio, wblle others rise upward from helow lliis iilano 
in a direction diametrically opposite. Tlicir planes are 
inclined under all angles, and their perihelion points are 
at all distances from the suib Some revolve in orbits of 
nioderato eccentricity, ivbile otbera sweep away into 
Bpaco in |Mrabolie or even in byperboUo orbits, never 
a<^iin to visit our system unices anvsted and diverted 
fi-oni their path by eonie disturbing power, 'f'hc mighty 
depths to which some of these bodies penetrate into spaco, 
sweeping, as they must, vitatly beyond tlio boundary of 
the planetary system, would cicite a doubt in tho mind 
na to whether there might bo 7-oom enough ui ■tpuo 
for the undisturbed revolution of thc&o ttondcihil oh 
jccla. Vi'o shall see hereafter that piofound m\e''li^i 
tions have answered this impdry, and dispelled c\tiy 
doubt a3 to the' grandeur of the scale on which tho uni 
vcm is built. 

In tJio Appcndi.i; will bo found tho ekininf-^ ot Iho 
orbits of such comets as avo regarded jioimanciitini;iiibeirt 
of tbo solar aystom. 

Wo hero eloao ouv cianiination of the various classiss 
of attendants on the solar orb. We find this niij^hty sys- 
tem of revolving worlds composed of bodies which ai-c 
diverse in their physical constitution, some wore dense 
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ami solid \hm llio Oiivlh on ivJiiuli wc dwdi, KOino Rir 
liiuro nirc ami unsulwlaiiliiii tliaii tlio iitiimsphcro wo 
in'mthc— «11 obeilicHt to the grand controlling power of 
tho central orb, wiiile no oiio is Fclicvetl from tlio ilis- 
turbing influciieo of every otliev & vast complicated 
tlis]»liiy of cclcatial nicclinnism, whoso ctiuilibriiim and 
sUihility presents tlio grandest pi-oblom for human in- 
vc.-!li>;:Uioii fo bo found in ibc wliolo univor.so ofjiiuUcr. 
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THE SUN AND PLANETS AS PONDERABLE BODI 
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Having now completed a lapil amvey of the bodies 
whioh owe allo^nnee to the aaa and having leached to 
a knowledge of those Hwa which extend then emi iie over 
ill these levoUing planets we Lome to the conaidera- 
t) 11 if the modifications which aie intioduceil into the 
ciieumstaiicta ot motion of ev h if these worils by the 
fict that it la subject 'd to the influence of all the others 
Aa under the ^reit Uw of universal gravitatim every 
particle of mitter m the unneise attracts eveiy other 
paiticle of mattei with a force which vines mversclj aa 
the square of the distance ■md directly as the miss it 
followb that ea<,h pi met ani comet and satellite of the 
entire system ot the sun are to a greater oi lesij dCj,reo 
drffected hy the ittra^-tiin of e^ery othei 

We have already considered generaUy the great pro- 
blem of the " three bodies" — a central, a disturbing, and 
a disturbed body. The train of reasoning there presented 
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ia now to be carried out and extended in auceesaion to the 
planets and their satellites. Before proceeding to ex- 
amine the changes wrought in the orbits of tho planets 
and their satellites by the action of all the disturbing 
forces, we will make a more general examination of the 
various elements of the planetary orbits, to iearn, if pos- 
sible, whether any of these elements are subjected to 
changes which are merely periodic in their character, re- 
turning after intervals, longer or shorter, to their normal 
condition, to repeat the same changes in the same order 
for ever. We desire also to inquire whether any of the 
elements are subjected to perturbations which always pro- 
gre^ in the same direction, and if so, whether these 
changes in any way involve the destruction of the system 

This is undoubtedly the grandest problem ever pro- 
pounded to the human mind, for it is neither more nor 
less than an inquiry into the perpetuity of the great 
scheme of worlds dependent on the sun. It demands 
a vision which shall penetrate the future ages to pre- 
dict the mutations and their effects at the end of these 
ages. It will not be expected that in such a treatise as 
this we are to enter into an exhaustive discussion of this 
great subject. We can do little more than announce the 
results reached by the profound investigations of the great 
mathematical successors of Newton. 

We shall commence, then, by an inquiry touching 
those elements of an orbit which involve the well-being 
of a planet, or its fitness to sustain the animal and vege- 
table life which exists on its surface. 

The figure and magnitude of an orbit are determined 
by the length of the major acns and by the eccentricity, 
and in case but one planet existed, these are the only 
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clciiidila ivliO;iC value cuulil in any way afl'eot tlio physiicul 
comiitjon of tho planet, so far as ifs sujiply of liglit and 
]imi vceoived from tho sun «iij coucernwi. In tlik caso 
tho position of tho orbit in its own phmo (dotermincd hy 
the p/ace of tho pcrUidioH point) anti also tho jjosilion 
of tlio piano of tho orbit, as rofcrrcit to any fixetl piano, 
(rletcrmined hy tho intylo of incUnntioa and line of 
nodes), and also the epoch (ov place of tho planet in its 
orbit at a yivcn moment of time), all those qnantlticH 
would not in any dogix;e afl'eot the actual condition of tho 
planot; hut as no planet is isolated, ami as each is suli- 
joctcd to the inllucneo of every other, it hcconics a mat- 
ter of i;ravc importanco lo ascertain ivhetlicr tliorc lie any 
ihietnatioiifl in the values of all these elcmcnis, whether 
these finctuiitions are confined ivitliiii any speeilie limits, 
and whctbci-, if thus confined, any injurious ellout can 
result lo tliosj elements which involve the wcll-hcing of 
any planet ; and finally, ivhctlicr fhero bo any guanintco 
for tho perpetuity of the planetary system in tho condi- 
tiju now o\ stent 

In OhO the phnes of tl c oihpts oi vlt the planets were 
comudi-nt then tho ]n\cstij,itnn3 would bo confined to 
tho lluotuation ju the mIum of tho major axes, cceen- 
tiicitiLa anl pciihi-lii hut fi nn tho reasoninjj already 
pipicntcd in tho (Jiohlcm of tho lliiee bodies," wo have 
Been that jf wo considci the loi tlson of two plancta A¥ho>-o 
oil lit ua mclincd andci anv an k in tlioir mdpi-ocal 
niHucnto ifwuaiinnc tho plut,ot the orbit of one of 
tlicsi. planets fji c\impk tho * titl as fixed in jMBition, 
md tin, plmt, of tho oUici phuM soibit (as Mars) as in- 
clincd to this, under a given anglo, it is clearly nianifciii; 
that tho disturbing influence of tho earth on Mars will bo 
reversed when Mars passes tln-ougU llio piano of tho 
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eartU's orbit. Suppose we coulil place our cjo in llio 
jivoloiijijution of the lino of iiitoreRctioii of tlic two orbitK, 
tiion wc should see lliem an two stvaij;lit lines, itieliiiod to 
oacii other, ita in tho fi^'Ui'u heluw, in which H rc|)rc»oii(d 



thoplnco of the siiii, EE' places of the cnrthj mid SI and 
M' places of Mac3. Now, when Man ami tlie earth ai-c 
on tlio same side of tlio sun, or the lino of nodes, i\lara 
ascending towards M', a/iove tho ])laiie of tho ciirlh'a 
orbit, the force cxerlcd by tlic earth on Uie it-sccndirii^ 
planet teiida to draiv it downward to tho ecliptic, and 
hcnco it will not quite reach tho elevation M', ami thua 
all this while the plane of the orbit of Mai-3 will be form- 
iing a leaa and les3 angle with the ecliptic. The moment, 
however, tho planet reaches its highcat eloiition and 
conimcneea to descend towards the ecliptic to puss ila do- 
seonding noile, then the earth, remaining Btationary, will 
pull the planet towaKh its own plane, and hence tho de- 
aeent will bo made steeper, and tho angle of incliiialion 
of the orbit of Mars will, while tho phuict thus doacetidif, 
Ijc always increasint/. l''ollowing Mars below the plane 
of the ecliptic, the earth remaining m before, wo sec that 
hci-o the tendency is to pull Mara up to the earth's orbit, 
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mill IicHce if. wil! not (jwitc fcauh thu jioiut M, or iiio iii- 
eliiiiitioii in this desceiit itiilow llic ci!lij)lic will lUmini.ih. 
From this pointj as Mai's begins to nBCOtid, tiio cnrtli's iit- 
Iractive energy will cause it to aaeciti.1 moi-c ritjiicUy, and 
win mi\ka it \)am its ascemling iioilo earlier tliais il' iin- 
distiirljc'ij and as it comes i«j) faster, it must ascend a 
stec|ier grade, or tlio indiiiathn ivill iiiercaso. 'I'liiis wo 
eco that Mara, m ascending or desecnding to pass cither 
node, will both ascend and descend by a stee|)er grade 
because of the eartli's attraction, whllo in paKSiing from 
either node to tlic liigliest and lowest jiointa of its orbit 
the same force will ojjerate to make the planet rcaoh 
points less remote from the ecliptic than if undisturbed, 
and hence to ascend and descend with a amaller angle of 
inclination. Now, a careful inspection will show that tho 
eftecfa producctl by the earth on Mara, while situated at 
K', will be gi'Witcr in the half of the orbit of Mars which 
lies above the ecliptic, and at the end of one revolution an 
exact comjrensation may not be ed'cctcd, so that the i«- 
crease of tlio angle of inclination may nut be exactly 
etiual to the (/ffrcrtse. l!ul as tho earth is revolving, a 
time will como when thh bmly will occupy the point K, 
and then the most powerful olU'Ct will bo [irodncetl when 
Mai-a is bclvw the ecliptic, ami in ease tho orbits axa 
eii-cular, uu exact symmetry existing, at tho end of iv cer- 
tain cycle tho inclinations will bo exactly restored. 

The fact that tho orbits of the planets aro olliptieal in 
ilgure cannot in any way lessen the force of tho i-eiwotiini^ 
wo have employed ; it enit only postpone to a more retiKite 
period the final restoration of the inclinatioiss of fhe 
planetary orbits. Uiider tho |)oworful ami masterly 
analysis of Lagi-angc this snbjcet was completely ex- 
hausted, and a result reached ivhJcli in the following pi-o- 
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position giiuniiitecs tlie sliibilil^)- of tliu iucHi!;! lions tltniii^^ii 
aii agoa :— 

" If tiio nmss or weight of ovei-y planet bo iiniUiplieii 
by tlic tMjiiiirc root of its major uxia, and tbis ])Ft>iluct bo 
multiplitit by Ihc tangent of the niiglc of incliiialiou of 
tbo i)lHno of tlio plnfictary orbit to a lixcd plimo, anil tlicso 
procliictH ))c added together,, thcii- sum \vill bo constaiilly 
the Bnme." 

Now, wo will sliow hd'onftcr tliat the major iixos re~ 
main nearly inviiriablc, tbe masses of the planets are ab- 
solutely ao, ami hence the third faelor of the product, llif; 
tfiugeiti of the iiicHnalhn, can only vary «ithin narrow 
limits, returning at tlie end of a vast cycle to the priini- 
tivo value. 

We shall sec hereafter how important tljc stability of 
the inclination of the carfli';! orbit is to the wcll-tieiiij; 
of the living and sentient beinjjs now on iho Ciirlli's 
Kinfaco. 

We proceed to examine the changes of iho lines of 
nudes due to perturbation. These changes are aUicd to 
tlioso of inclination, and aro, imlced, iiueecBsary conso- 
qiionec of these changes, as may readily bo shown. 
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For this purpose wo return to the figure alre.aily em- 
ployed, usiug tlio Bamo planets, Jlitrs itud llio earlli, re- 
j;iircling the movciHcnta of mini's to i)c disturbed by tlio 
eiU'th'a attmetioii. 

We have already seen tJiat in case Mai's be ut M, the 
wirtli being at E, the planet, in ilcHconding ifa orbit to 
the lino of nodca seen as iu H, (the eyo of tho speotator 
being in the prolongation of the line of nodes) during tbo 
entire descent the planet will bo drawn down to the piano 
of the ecliptic Ji K on a steeper grade than the nonual 
ono iM S, and bonco tho planet will pass through tho 
ecliptic earlier than if undisturbed, or at a point which 
will be seen somewhere botwecu S and ii. Thus duc- 
ing this descent tho nodo will go backwards to meet tho 
planet, or will relroijradc. Piissing below Ibe ccliplio, 
the planet continuing to descend, will, as we have Keen, 
bo prevented by the disturbing body from reaching a, 
point so low as M', and lieueo if its path for a raoinmit 
were anywhere produced back waifla, this line would meet 
the eiilijifio at sonio point always appi-oacliing K, or lioro 
again (he line of nodes retrogrades. Tho aamo i-eiisoning 
will mIiiiw that with tho abovo coniiguration tbo retro- 
gi'udation of the line of nodes muKt continue with iinetiual 
velocity during the, entiro revolution of the planet. Tn 
other configuralionB there is sometimes an advance of tho 
nodo, but in the long run it ia easily demonstrated that 
the noilM of all the phuieliiry orhita on any ii.Kctl piano 
will i-etrogrado uTid perform entire rcvolutiona in perioda 
of gi-eiiter or less duration. 

This perj)otual recess of the linos of nodes in one dtree- 
tton does not In any way affect the physical condition of 
.1 piaiiet, hut serves an admirable and necessary purpose 
in scctiring final stability in tho planetary system by 
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presenting the disturbed orbita to tlie disturbing bodies 
under all possible configurations. 

Wo shall not attempt to exhibit in full the reasoning 
by which the variations of the remaining elements are 
shown to be periodic, when periodicity is e^ential to 
stability, or progreasivo when progression does not in- 
volve destruction, but from a single figure deduce, if pos- 
sible, the great principles involved in this wonderful 
problem. 




Let S represent the sun, E the earth, and P any 
planet disturbed by the earth, and let us suppose that un- 
disturbed in any small portion of time it would reach V, 
but subjected to the infiuence of the earth's attraction it 
reaches P'' in the same time. The question is, in what 
way does this change affect the elements of P's orbit? 

We have already seen the effect on the inclinaHon and 
U?ie of nodes. These elements do not affect the magni- 
tude of the orbit nor the position of that orbit in its own 
plane. The magnitwdo and position depend on the length 
of the major axis, eccentricity and perihehon point. Let 
us examine these in order, commencing with the length 
of the major axis. 
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U'l' sujiposo the planet P to bo moving, when nndis- 
tuvlictl. witii its normal elliptic velocity, imi.1 of ooiii-sii im 
rraching 1*', the longer axis of its orbit, and m i i ■' !l 
the elements remain nntihanged in value ; but 1;^ i n! 
Uirhetl, so as to be prevented from reaching V. and I'.-m,; 
coiiipcncd to i-citoh P", ivill this compulsion merely 
change the position of the phnicfnry orl)it, or will it in- 
crcnso or decroiise the length of the major nxia? 

Kopicv's third law tolls lis that the twimtrea of the 
licriodic times aro proportional to the culjes of the major 
axes, and from t!>is relation it is manifest that any change 
in the elliptie velocity of it planet must change tlie period 
of its revolution, and this iiivolvoa a cliitnge by neces- 
sity in the major axis of tlic orbit. 

The question of change in the major nxia, then, i'o~ 
Bolvea itself into an inquiry as to whether the disturhanco 
lias pixxluccd any change in the etiiplic velocity of the 
Oistuvbctl planet. 

At tUc first glance it may seem impossible to drag ii 
planet from its nortiial elliptic path without allecting ita 
velocity. This, Iiowever, ia not the fuct. If a body be 
moving ill a straight lino and a forec bo i>|>]>licd to it 
perjK;ndicular to the direction of ita motion, this force 
will iuit in any degree nifcet the velocity, but only tlio 
diii'otion of the moving body, 'finis a Iwll fired from a 
villuiin tlio deck of a fixed or moving boat, witli sUv mm.c 
initiiil lorcc, will reach tlic op|K)sito shore it! tin n i 
time, but its direction of absolute motion is c!!;tn ;■ 1 n 
iircd from a moving bait, from what it would be if slsot 
fi-ora ono at r^t. So a ilying phtnot may be subjouled 
to tbc action of a force always pcrpoiidicular to the di- 
rection of ita motion, which force may push it from its 
normal i[Kith, hut cannot affect itd elliptical velocity. 



Hn^lcdbyGoOglc 



AS PONDS R A 



311 



Such a, force, then, can have no influence on the length 
of the major axis, or on the periodic time of the re- 
Tolving body. 

Now, every force is capable of being changed into thren 
other forces whose combined action will produce the same 
effect as the primitive force, as in the figure. 
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Let P Y'" represent the direction and intensity of any 
force ; on this line as a diagonal construct the solid 
figure a parallelopiped. Then the sides P P', P P" and 
P P'" Tvill represent the direction and intensity of three 
forces, which would produce the same effect as the force 
P Y"'. 

Precisely in this way the disturbing force exci-ted by 
the earth on the planet P can be converted into three 
other forces, whose combined effect shall be identical with 
the original force. Two of these forces shall lie in tho 
plane of the planet's motion, the one tangent to the 
orbit, or in the exact direction of the planet's motion, 
the second perpendicular to the direction of motion, or 
normal to the orbit, and the third perpendicular to the 
plane of the orbit of the planet. 

Now, from what we have said, it is clear that but one 
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llic Yclottity of the planet, nnd that is tho furcti tangottt 
to tho orbit, or coincirleiit with the tlircction in ivhich it 
is moving. The normal component (aa it j» callcfl) 
piislies tlic planet from it^s old orbit isnO the perpendicu- 
lar component [iiishcs tho plimot above or below ita own 
plane of motion, but neither of these aftbet tlio velocity 
of the moving pknct, and neither of them can in any de- 
gree affect Iho length of the major axis. 

'L'he perpendicular component has already been con- 
Hidorcd in ita cfl'ecls, for it is tliia force which changes tbo 
htcUmUlon and gives motion to the line of nodea. Wc 
may, therefore, in our future examinations leave this 
force out of consideration, or, wliieh comes to tlio same 
thing, consider the planes of the orbits of the disturbing 
and (he disturbed planet m tho sanio, 

liCt us, then, represent by tho two circles the orbita 
of the planets in tj^ucstion, S iMiing the pkco of the sun, 




E the earth, end P the pknot when ni conjunttioii Xit 
tbis configuration the entno dBluibnv; poHfi of i'i is 
exerted along the line I'l l^, oi pLipenchouln to the dii-cc- 
tion of the planet's motion oi iioi/mt' to lii uibit, jnd in 
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this position tlic tangential foreo being nothing, tlto major 
a\is is umlistui'bctl by E, As P moves towitrda P' tlio 
(iii-eetion of the force exerted hy V, ccasea to be normal to 
P's orbit, and may Jjc rcphiced by a nornml and a lan- 
gcntiul force. The tangential forec from P towards I" 
18 manifestly in opposition to the motion of P in its orbit, 
and therefore retards ils motion, and thus decreases io 
major axis; hut there is a poiiit P" aymmotrically placed 
with reforciico to P, where the tangential foieo is in tho 
opposite tlireelion, nud in an c<\\vA ilcgveo becomes an 
accoloraling force, and whatever the major axis might 
lose in length from the disturbing jiowor at P', it would 
gain from tho same power when it comes to occupy the 
point P". So that if V, should remain fixed dnring an 
entire icvolution of P, a compensation would ho eflbotert, 
and the velocity of the planet on reaching its point of 
dopartura would bo identiail with that with which it 
started, and henec the major axis, though it would have 
lost and gained, would in the end ho i-ostorcd to its 
primitive value. 

If tho orbits were elliptical and their major axes were 
coincident tho same reasoning from symmetry would still 
hold good, and demonstrate the restoration of the major 
axis, and us aciion and i-caction are always e<|ual, it is 
manifest that by fixing V and causing K to revolve, the 
change wrought by E on P would now he wrought hy 
P on Ej only in tho i-cverae oixici'— -that is, wherever P 
was accelerated hy E, E will bo rctai-ded by 1^, and vice 

Admitting the major axes to bo inclined to caeli other 
destroys tho symmetry of the figure, and an exact resto- 
ration is not cfteeted in one revohition ; but as the peri- 
helia of the planetary orbits are all in motion, tlio time 
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^vill conic wlioii a coiiicidcnce of tlio inajor uses will bo 
effijcfcd, ami if tlicro i)e a ecrtain amount of outMtandiiij; 
wnconipensatctl velocity, wlteii the coincidence lakca place, 
tiio action wjil be icvOi'skI, nitd it th<- end of one ^rivntl 
lovolution ot tho majoi a\(H tiom coniCKkncc to coinci- 
dence the ixAtontion lutl ijo coini)Ltt. 1 inA the axes will 
ictiirn to then primitive valin. 

Here woniocompdlcd tolcnethc pi j'lkro, andKiniply 
state tho result which a complete eolation lias elloctcd. 
AVc aro aguii iiuUbteil to T i^unij,!. loi Hit, re«olHtion of 
this most iiipoitiiif ot iH the pohlons mvolvinjr tho 
stability of tilt, uln >.; Icm wJio pi<? it tlio final vosiilt 
as follows : 

"if tho niuqof cilIi ilnict 1 c i nilliphulby the sijuare 
root of the major axia of if.l orbit, and this product by llio 
B(|uyro of the tangent of tlie inolinatioii of the orbit to a. 
fixed piano, and all these products be uddi^l togothor, 
llioir Slim will be constantly the same, do jnallor what 
vai'iations exist in the system." 

'I'lie mass or weight of each i>lanct is invariable, while 
tho lc»3 01 gam in the mIiks of the majoi ixcsisahiij^ 
countcipoiscil by the gain ot loss in tho inclinjtion of tlio 
01 bits, and thus m the Ions; lun, m cycle-* of v i-t ]iiii'k1 
a complUt, lestorition of the niijoi a\cs n iull\ inom 
pliahal, and the system m this paili<,uhi utimi lu u 
noimd uMidition 

\\( ha\c thus fit coRMdeiert thetfttctof two out ol 
tbi ihico foiGtS into which t dHluibm^; foiu niii bi dt 
conijioried The noimal conipomnt luntins tn 1 i\ 
aniiiiul This lets m i dntUioii notnial to lit mu < 
lit ! nlxTil by the planet, or p^iiRiidauhi to lla i ut s hi 
to the oibit \t the pomt occupitd by tUi plintt Vn. 
aU ill not entoi into any extended e\nmin ilion of this sub 
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Joct, and wJl! only titty tltat this coin|Joncnt of ilic tlb- 
tiirbing foi-cc gives riae to a movement in tlic perihelion 
iioints of the planetary orbits, Homctimes advaitcing these 
[ittintfl, soniefimcs giving them .i I'ctvogvado motion, and 
in Homo instaneos producing oseill'ttions. 

Thoso effeets arc ncecssiiiily njixwl up aiul conibitied 
ivifli those producctl by the action of tlic tan^ntial force, 
for, as wo Imve seen, the effect of tliia force goca to in- 
creitso or decrease the value of tlio major axis; but no 
JncreaBC or decrease of the major axis can take place 
witlioiit a covrt'sponding change in the eccentricity, m 
tliut Ihcac changes tluiB modified, the one by tlie other, 
iinally liccomo exceedingly complex, and can only bo 
traced and computed by the application of (ho iiiglie4 
IHJwei-H of analytic i-easoning, 

'.I'he complexity is further increased from (he iiic.t that 
in the consideration of the entire problem of pertiiibation.-i 
tho varying distances of the disturbing and disturbeil 
iMHiics must be rigorously taken into account, and may 
modify and even reverse the eflects duo simply to direc- 
tion. With diflleulties so extraordinary ami diverjiified, 
with complications and complexities mutually extending 
to each other, involving movements ao slow as to iv.- 
(piire ages for their completion, it is a matter of amane- 
nieut that the human mind has achieved complete succcfw 
in tho resolution of this grand problem, and can witii 
confidence pronownco the changes to full witliin narrow 
and inocuous limits, while in tho end, aftev a cycle of 
incalculable millions of yeai^, the entire system of phijicts 
and sitellltes shall return onco more to tlieir primitive 
condition, to start again on their endless cycles of con- 
fignration and change. 

There remains one more source whciicu arises lui txc- 
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cumulation of disturjjaiiee, pTOf^resHive in tito sunic dircc- 
lion iJivougli defiiiito cycles of greater or lesser duration. 
I mean tlic cHccts duo to a near commensimih'dUif of 
the pcriotis of rcvoiution of tlie disturl>oii and disturbing 
planets, 'rite iieai-cr tlto approftcli to conimeiisuraliilitj' 
llio longer will bo tlio duriifion of tlio rosuUiiig in- 
Cfniality. 

We slmll Imve occasion to resume this subject in our 
examination of tlio oircuni stances of diaturbniieo boloiigiiig 
lo ciich individual i)lnnct, which wo shall now proceed 
to examine briefly, commencing at the sun, and proceed- 
ing out^vai-ds. 

'i'ill-i SUJf COSfilOKliM]) A,-i A (iUA Vll'ATIXll I10I>Y. — 

Wo sliall now return to tJie great center of the planetary 
^'i0»lds with 1 full knowledge of Iho laws of motion and 
r,i'nitition ■\ni\ pioMdtd \\\\\\ tho instrumental means 
ol bLtuiing thoHL ddicite mei'jnie'! wliei-ehy the solar orb 
iniy ]» detci mined Jii distance, lohnne and wrnyht. 



\U hui iliLiU i^lluni 3 In llu;,se (|uanti lies may 
be obtained, and we non pKscnt the results of exact 
nittsuies aiid accuiate coinpnt ilion. 'j'lic sun's mean 
disl inec from the eai th m ly be taken at ninely-five mil- 
lions of niiles. By exact nicaawres the moan diameter 
of tiie sun subtends an angle cqna! to 32'.01".8, and an 
asiglo of this value indicates a I'oal diameter in the sun 
of 8>^l(,000 miles, as may by .seen from the (igurc above, 
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in wbicli it is evident that a line A B subtends at A' B', 
a much smaller angle than when located at A E, nearer 
the vertex. If, then, we have a given angle A' E B', 
and a given distance E B', from the vertex, if we erect 
the line B' A' it is evident the length of this lino will 
be determined by the value of the angle B' E A' and 
the length of the line E B' ; so the sun's distance and 
angular diameter determines hia real diameter. This 
diameter of the aun (883,000 miles), in terms of the 
diameter of the earth, amounts to 111.454, and as the 
volumes of two globes are in the proportion of the tmbes 
of their diameters, we shall have the volnme of the sun 
to the volume of the earth as (111.454)' is to (1)', or as 
1,384,472 to 1, or it would require no less than one 
million three hundred and eighty-four thousand four 
hundred and seventy-two globes as large aa the earth to 
fill the vast interior of a hollow aphere as large as the 
sun. By this we do not mean to assert that the sun 
weighs as much as 1,384,472 earths. This is not the 
fa«t. We have seen already the pi-oeeas by which the 
relative weights of these globes may be reached, and we 
have found that the force exerted on the earth by the 
sun, enfeebled by the distance at which it acts, and 
thus reduced to the 160,000th part of its actual value, 
at a distance equal to that of the moon, atill exceeds 
in a more than twofold ratio the force exerted by the 
earth on the moon ; and when the exact ratio is applied 
we find the weight of the sun to be equal to 354,936 
earths, and this is what we call the inass of the sun. 

If wo divide the mass by the volume we obtain the 
specific gravity of the sun, in terms of that of the 
earth, equal to TyjVyJ5=0.2543 — that is, the aver- 
ago weight of one cubic foot of the sun is only one-fourth 
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as great as the average weight of one cubic foot of the 
earth. 

It ia the -mass of the sun and not its volume which 
determinea tlie amount of force which ttiis great central 
globe exerts. Its weight is such as vastly to exceed that 
of any one of the plancta, and indeed it rises so superior 
to the combined masses of all the planets that the ccnt^jr 
of gravity of the systom falls even within the surface of 
the sun. This may be shown by an examination of the 
weights and respective distances of the planets. We will 
explain the reasoning. If the sun and earth were equal 
in weight, then the center of gravity would lie in the 
middle of the line joining their centers ; but the sun is 
equal in weight to 354,936 earths, and hence, dividing 
the distance between the centers (niaety-five millions of 
miles) into 354,936 equal parts, the center of gravity 
of the sun and earth will fall on the first point of division 
nearest the sun's center, that ia at a distance of about 267 
miles ; but from the center of the sun to his surface ia a 
distance of 440,000 milea, and thus the center of gravity 
of the sun and earth &lla fer within the limits of the solar 

The energy exerted by the sun on any one of his satel- 
lites is in a constant state of fluctuation, growing out of 
the variation in the distance of the planet. The sun's 
force decreases as the square of the planet's distance in- 
creases. If, then, we take the earth's distance as unity, 
and call the force exei-ted on the earth by the sun otic, 
the force exerted on a planet twice as remoto from the 
sun as the earth, would be but one-fourth, at three times 
the distance one-ninth, at ten times the distancfr^it would 
be but one hundredth part of that exerted on the earth. 
This law of gravitation should be well understood, as we 



Hn^lcdbyGoOglc 



AB IMI X II i; K A II T, ]■; JlOlliH.-i. 81'.) 

shall have occasion to make frctiuctit appli&iiioiia in our 
futui-c examinations. 

I'OIVKH Ol'- GRAVI'i'A'flON OX THli HOl.AU KUHFAOK.--- 

If it wei-e possible to (i-!ms|iort ft iKwly ivcighing at tlio 
cavth's equator one pound to the equator of the sun, 
as the weight of tho buily is due to the imwci' of the 
eui'th's altmclion, niitl m tlie Rim is lieavier than tho 
cai-th ill the high ratio of ;-{54,936 to J, wo niiglit sup- 
jKiso that tho iiouiid ivcight on the earth removed to the 
.sun would he incvcascd in the same viitio. This would 
bo tnio ill case the sun's diameter wore precisely equal 
to that of tlie earth. This, liowcver, is not the case. 
The radius of the suu is 111.45'! times that of the earth, 
and this diiitaiice will reduce the attractive ])ower of tlio 
sun in the ratio of (111.545)' to (1)% or as 12,342.^7 to 
1, if, therefore, we reduce ,154,936 in the above ratio, 
or, in otlior language, divide it by 12,342.27, wo obtain 
for a quotient 28, showing that a boily weighing one 
pound at the earth's equator would weigh 28 ponnda at 
the Bun's surface, This would bo slightly lyHluecd fram 
the uplifting action of tlie centrifugal force tluo to tho 
velocity of ratation of tho sun on its axis, I'liis diminu- 
tion may he i-cadily computed. Wo shall sec hereafter 
that tho centrifugal force at tho earth's equator is eqnal 
to 5-Is of the force of gntvity. Now, if tho sun rotated 
in tho Biimo time a.s the oartii, and their diamoicra wero 
equal, the centrifugal force on tho e(iuatorsof tho two 
orbs would he eqtial. lint tho sun's radius is about 111 
times that of the earth, and if tho period or rotation were 
the samo the centrifugal foree at Uio sun's equator would 
be greater than that at the earth's, in the ratio of (111)" 
to 1, or more exactly in the ratio of 12,JS42.2Y tol. But 
tho sun rotate.? on its axis nuieli ahvicv than t!io carthj rc- 
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quiring more tlian 25 days for ono revolution. This wi!l 
reduce the alrave iti the ratio of 1 to (25)', or 1 io 625 ; 
so that wo shall have the earth's equatorial ccnli-ifuf^ul 
force 3J5X 12,342.27-^025: -:",'|J,VIJ= 0-07 nearly 
for tlie sHii'a equatorial ceiitrifugiil foreo. Ilenco tho 
wci{,lit btfoio obtiini,], 2S iiouuda, must ho retluucd scvou 
huiidicdths of ih wliolo \ tluo, mid wo thus ohtaiii 28 ■ 
0.1*)lj=27 hOi pounds \a tho true wci{;lit of 0110 pound 
tr!inspoit(,l horn tho caith's etiuiitor to that of iho 

I hose ptULCipkd oinblo us to com]>uto readily tlio 
gruMtitiii^ fotco c\(,ilcd hy tlio sun at any ^ivou dis- 
laiicc and, an we shill see Iicrcaftcr, this niighly cen- 
tral 01b \i pie euiinuitly tho controlling body in tho 
scheme of ic^oUjig «oikIs, ivhicii move ahout liim aa 
thin centei 111 ohcdicuco to tho laws of motion and 
gra\ itntion 

\\o clost, ■»> hit Tio halt to say of tho sun by staling 
thatahcuj bo£ly>scighing as it does, 27.8 timesaa much 
at the solar as at tho terrratrial etjuutor, if free to full, 
will iMssovcr in one second a sjwco equal to 27.8x1(5.1-;; 
247.58 foot. 

l*i':ii'ruiniATros3 of MHRCUitv.--In our diacusaioii of 
the planctii already given wo were only prepared to pro- 
sent tho discoveries of formal aatronomy. 'I'lieao in- 
volved tho elements of tho elltptio orbits and the oh- 
servefl eii-eunistanees of tho planetary moveincnts. Vfo 
are now piBpared to understand how tho system of solar 
satellites conatitates a grand as-senihlagc of worlds in 
motion and yet in equilibrio, so that, altliough there bo 
fluctuationa to and fra, which are rciilly perpetualj in tho 
end the system is stable and in exact dynamical uoiiuter- 
jioiso. Tho great law of universiil gi-avitatJoii being 
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known, as also the laws of motion, it h 
to determine tte exact conditions of this mighty system- 
atic equilibrium, and in a strict sense to weigh each of 
the worlds belonging to the system. Indeed, this weight 
or mass of the planets must be first ascertained before it 
becomes possible to compute the influence exerted by one 
tody on anofeer, oven when their actual distances are 
known. The distances being the same, two bodies at- 
tract a third by a force which is in direct proportion to 
their raa-sses. Hence, if our moon could be conveyed suc- 
cessively to each of the planets and be loca,ted at the same 
distance from each it now is from the earth, the periods 
of revolution of our satellite round any one of these worlds 
would show us whether that world weighed more or leas 
than oura. Thus in case the period of revolution of the 
mooa around a planet should be one-half its present 
period, then that planet, holding, as it does, the moon 
with double the velocity at the eai-tli, it must be double 
the weight of the eai-th, and so for any other period. 

It ia in this way that we are enabled very exactly to 
weigh the planets which are surrounded by satellites, aa 
we have already seen ; but th(«e planets which have no 
satellite, such aa Mercury, Venus and Mars, can only he 
weighed by the effect they produce on other bodies of 
the system, and eapecially on those vaporous masses the 
comets, which occasionally come sufficiently near th^e 
bodies to be subjected to very powerful pertnrbationa. 

The mass of Mercury is, of course, subject to some 
uncertainty, hut as now determined, in case the sun were 
divided into one thousand millions of equal parts, it 
would require 2,055 of these parts to be placed in one 
scale of a balance to counterpoise Mercury in tho oppo- 
site scale. 
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Knowing the mass of a ptaiiot and its voliiiiw, wo can 
easily deduco its specific giivvity of density. I'ur (.'x- 
innpb, tlic voliiiiio of Morenrj is equal to O.riil.i, iIks 
eavth l>eini; iiiiify; but the mass of the ciu-th in thii.-iamo 
pai-ts of the sun just eiuployuti, m wo sliall aeo, \a 28,Ti;!. 
J leiiRo, if tiicsa pinnela wero ecjiially donao, thoir voluuioa 
would bo 10 cacli other as 28,17K to 2.055, or nearly m 
li!.7 to 1, or as 1 to 0.072 ; hut Mcvcin-y's volume is but 
0.505, the earth being taken as unity, and licnec Mor- 
eury nmst he denser than the earllt iii the ratio of 0.07^ 
to 0.595, or as 1.2 lo 1 nearly. 

'I'lnis aro wc made ae{|UiiintciI with tlic veiy stvuclui'c 
or in.ilcrial of tlic pUnieta by the jn'0i;e:5a of woi;;!iing 
them, revealed by the laws of motion audgruvitntiim, and 
that these rcsiiUs cannot bo much in error is manifest 
from the fact that tlic transit of Mercury nmm the 
sun's diai<, wliich occnn-eil on the Hth May, 1845, and 
observed at the Cinoirniati Observatory, tlic comimled 
and abxcrved contact of the planet with the sun's liuib 
did; ri'i! liy only sixteen seconth of time! 

'I'liiri prediction also verifies the values of the secular 
ificijiialiUus, or slow changes in the clement of Mercury's 
orbit, due to ilio iilanetiiry |)ertiirI)ation8, which were 
fi.xcd for the beginning of the prcsctit century as fol- 
lows ;— The perihelion makes an ahsoluto advance each 
year of 5".8 ; tlic node recedes annually 7".8. 'I'lic 
eccentricity, in terms of the semi-niajor axis, ivas 
0.210.551.494, and its doei-easo in one hundred years 
nniounta to 0,000.003.860, in tcnns of tho same unit. 
Let us admit thcso elianges to lio progressive at the 
same mtc, and tisen convert them into intelligible terms, 
and examine the resulis. The perihelion point advanc- 
ing at the rate of 5".8 a year, will rcipiirc to \rA.s^ ovcv 
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300", or 1,296,000 aecoiwls, S'Sp^?;-*-'^ V.--223,41S> jciira. 
Sucli is the Viist jwriod i-eci«h-ed for ouo revolution of 
the pcriUolion point. InUko intiniicr wo may see that 
the no<li! requires a period oxcecding one hundrcil thou- 
Baiul ycava for ibi rovohttion. 

'JHie ccceiUricity is slowly wearing 'iway, the orbit 
heconiing iHoro nearly circular, anil if ihirf change pro- 
grefwcs uniformly, it will require no less than five mil- 
lion four hundred iuid fuilj-six tlionHand two humlred 
years to rwluco tlio ligiirc of iMcrciiry's orbiL lo thut of 
an exact circle ! 

The |>resent eccentricity of tlic orbit of Meronry is 
such that the aphelion distance exceeds the perihelion 
dislance by more than fifteen millions of miles. 'I'ho 
energy exerted by the sun on iho planet «t peiiiiclion, 
iia ciniip;ired witii that exerted at aphelion, may bo read- 
ily comptilcd thus : Weretiry'H greatcit distance fi'oiu the 
Bun amounti< to about for!y-fo«r millions of miles. This 
is about ten times the solar radins, and at this distance 
tlio sun's power wiil bo reduced to tho one Inindredlli 
part of what it is at the sun's surface, but the planet 
when noai-est the sun is distant aliout twenty-nine mil- 
lioiiB of miles, that is, less than seven times the solar 
radius, and lience the power of gravitation is rc.luceil to 
the one forty-nintb part of wli.tt it is at tlio sun's anr- 
fiice, or, what eomca to the same thing, Mei-cury at ap- 
helion is attracted with a force only one-half as gi-oat m 
that by which it is affeetal when nearest tbo snn. 

If a pei^on were transported to the o(|uator of Mei-- 
cury his weight would be gi-eatfy rcducetl from that foxuid 
on the earth. The mass of Mercury, in terms of that of 
the earth us unity, is but 0.729, aiul if Arereur/s diain- 
cter were equal to that of the eavfh, then one {xjiiud ou 
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the earth would weigh 0.729 lbs. when removed to 
Mercury; but aa the radias of Mercurj ia onSj 1,544 
mileSj or tweuty-ais huadredtha of the earth's radius, 
this will increase the weight in tho ratio of (2.Qy to (1)', 
or as 6.76 to 1. Hence, by multiplying 0.729 by 6.76, 
we have 0.493 lbs. as the weight of a terrestrial pound 
removed to Mercury, that is, the power of gravitation 
on the surface of this planet 33 about one-half of wliat it is 
on the earth. 

All the planets exterior to the orbit of Mercury exert 
an amount of power on this nearest planet to the sun 
which varies directly as the raaas, and inversely aa the 
sqnare of the distance of tho disturbing body. Let us 
suppose the earth and Venus to be in conjunction with 
Mercury, and that these planeta are at their mean dis- 
tances from the aun, and let ua compute m this configu- 
ration the relative power of the oun, of Venui, and of tha 
Earth, over Mercury. 



] 



In the figure let S represent the sun, M Mercury, V 
Venus, and E the Earth. Taking the distance S E to be 1, 
S M will be 0.387, and S V wil! be 0.723. Hence, M V 
will be equal to S V-S M==0.723-0.387^0.336, and 
V B will be equal to S E-S V=1.000-0.723-0.277. 
As the mass of Venua is but the 390,000th part of the 
aun'a masa, her effect on Mercury at equal distances 
would be but one part in three hundred and ninety 
thousand of the sun's power. The fact tliat Venus is 
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nearer McrcuFy than the sail, In tho ratio of V M to S SI, 
or ol' 0.386 fo 0.387, wiil inereaso Iter relative 'power in 
tiio ratio of tlio siiuarcs of these quantities iiiversuly, 
that k, as (Q.Smy to (,0.387)', or as 0.113 to 0-147, or 
as 1 to 1.8 — tliat Js, wc luust multiply ssb'.wsK l*y l^^ 
fo olHitiii the cft'cct of Venus on Mercury, as compai-od 
ivitli tliiit of tlie sun; in other langUHgo, if tho sun'.s 
j)0«-er over Mcrciiry be divided into 390,000 ccjual parts, 
the power of Venus over tlio 8umc planet will nTuount to 
just one and one-third of tlicse parts. 

Lot us now comjjute tho attraction of tho earth as 
coinpni-ed with that of the sun. As tho earth weighs 1, 
while the sun weighs 354,930, at cijual ili3tnuec>3 tlio 
powers of the earth and sun would ho as 1 to 354,iJ3(i ; 
hut tho distance S M is 0,387, whilo the distance M K 
is 1,000- 0.387=0.013. As tho sun is the nearer, his 
power will bo increased in the latio of the scjuiiro of di.-i- 
tanco invci-sely, or as (O'SIS)' to (0.387)", or as 0.370 
to 0.147, or as 2.56 to 1— that is, tho earth's power, 
which on account of its nia&s is but one part in 354,036 
of that of the aun at ctjual distances, must further be re- 
duced on accountof its distance to a fraction of this ((iiim- 
tity, represented by ^'^,-, that is, in ease we divide the 
sun's power of attraction upon Mercury into 787,310 
parts, the atti-aetivo power of the earth will bo rupre- 
sented by ono of these parts. 

\Yc have seen above that tho power of Venus over 
Mei-cury is equal to 55^:^01 *ho power of the sun being 
1. The power of tho earth is ^s t'siej '*^ "o'' (luite one- 
half of the former quantity, llcneo tho disturbing in- 
fluence of Venua is evidently the predonnnating ono in 
titc c;!3e of Mei-ciiry. 

It may bo wcil to extWRl nut in\e.=iiig;iliofi a liltlo 
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further and examine the influence of the massive planet 
Jupiter on Mercury, to see whether Venus still pre- 
dominates in its power over that of the heaviest planet 
of the system. The distance of Jupiter from the aun is 
5.2, that of the earth heing 1. Thediatance of the earth 
from Mercury is 0.613. The distance of Jupiter from 
Mercury is 5.200—0.387=4.813. In case the earth 
and Jupitar wei'e equal in mass, then the power of Jupi- 
ter over Mercury would be to the power of the earth as 
(0.613)' to (4.813)', or as 0.376 to 23.164, or as 1 to 
61.6 — that is, Jupiter's efleot is reduced to the fraction 
jf.-j of what itwouldbeat a distance from Mercury equal 
to that of the earth; but this is supposing the earth and 
Jupiter to be equal in mass, whereas Jupiter really re- 
quires 338 earths to counterpoise his weight. We must, 
therefore, increase the fraction j\-g 338 times, and we 
have Ji^L— 5.5 about. Hence, Jupiter exerts a power 
over Mercury when in conjunction 5.5 times as great as 
that exerted by the earth, or two and a half times greater 
than the attraction of Venus. 

These computations have been made to show how min- 
ute a portion of the sun's power is that exerted by any 
planet to disturb the motions of another planet, and also 
to show that we cannot neglect any disturbing body be- 
cause of the great distance at which it may be placed. 

It will be readily seen that when Mercury is in oppo- 
sition with respect to Venus, her power is greatly re- 
duced on account of the increased distance by which the 
planets will be then separated. Indeed, the attractive 
force computed at conjunction wiU he reduced to about 
one-tonth at opposition. 

This is not true, however, of the attractive power of 
Jupiter. The distance 4.813 in conjunction will only be 
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incTOiiswl by the diamctct of Mercuiy'a orbit, or by 
2(0.387). :0.774 when in opposition, itml tho aistaiiora 
will stand 4.813 nui3 6.587. Jiipitor's power at the iii- 
cronsed distance wiil be reduced oidy in the ratio of Uio 
square of 4.813 to tliat of 6.587, or iiboiit as I to 2. 

As an exercise tlie student sliould compute the ciicrjry 
exerted by tho other pUinct.s over Mercury, and tlius ob- 
tain a familiarity ivith tiie apijlication of the law of gravi- 
tation to the problems of natiiroi 

Winic wo Hio \uiUiiK ibo nitolb^enco hia reached thi.i 
conntiy that a ne« pluiot Ins actiiilly been discovered, 
rnohniff m nu oihit between Meieuiy and tlie sun. 
M ]iO Veiiici Rome tinae -iinco annonnted that there 
wen |itiUnIiitions iii the element'^ of the orbit of Mcr- 
ouiy not e\p]anied by .mj of the known causes, and 
hence be dicw the cotii,hisLon thnt po-iHihly a ring of wry 
suuH jtlduets wcie ic\ohnig Jiiihni tlic limits of i\ler- 
cury's orbit. One of tlicsc minute planetti is said to Jiavo 
I)ccn actually seen more thaTi once by nn aniatour aa- 
ti-onomcr, ivlioac name is M. ] jcscarbault. I'his planet ia 
eaid to eompietc its revolution in alraut three weeks, and 
bciice its distance fwin the sun must lie .about fourteen 
or iiftcen millions of miies. 

VeSUS COSSlDKIUll) AS A POXOKRAIK,!'! HOItV. -TIlO 

angle Huhteiidcd by ibis planet at ita mean distance fmm 
tlic earth amounts to 17 '.S5, showing an actual djiunet^sr 
nearly equal to that of the earth. Tlio weight or mam 
of Yoiius is not so well determined as that of the plaiiels 
attended by satoIHte.'*, yet we have reason to believe thai 
the appro.timatc «tluc docs not differ by any very pon- 
slderahle amount from llie true ono. As now deter- 
mined by the best authorities, Venus weigln 0.900, the 
W<n.;ht of the ftyth bdn- awnmed as t-OOO. if an in- 
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habilaiit of tlio eartli were tviiiisjinrlcd to Voiivis, \m 
weiglit wotilil bo reduced in tlio ratio of i to 0.94, iind a 
heavy IxHly, free to fall, ivoitld pass over 15.1 feut in tbo 
first second of time, lloro wo might rcjieit tlic leasou- 
jug already ci«ployed in tlio ease of tlio sun to reach 
those rcsiiltd, but as wo shall liavo occasion hoi-eaftor 
to apply the rcaKoniiii; to tho cases of tlio larger plnn- 
ols, wc shall jnci'cly refer to the demon strut ion already 
made. 

All Iho clcmonis of the orbit of Venus arc in a state of 
constant (iucluation. The exact condition oFthciic elements 
\vill be given liereaftcr, as well as iho measured amoiiiit of 
the cliaiij^es. W'c find in Venus the first example of a re- 
markable povturhalion arisin-' from a Kinsn already ad- 
verted to, vh. : an approximate eommensurability botwcen 
tlio periods of revolution of Venus and the earth. [I'hc 
plauot pcrlbrons lier rovoluiion around tlic sun in 22-1. YOO 
days, wliilo ilic earth occupies 805.25 days in aoeom- 
plishing her revolution. If wo multiply 224.7 by 13 wo 
obtain 2,921.10; multiply S65.256 by 8, and ivo havo 
2,922,048. Thus we peiwive that in Ciiso Venus and 
the earth ni-oio conjunction on any given day, ut the end 
of 2,921 days they will bo nearly in conjunction uj^aiii at 
the same points of their orbits. Whatever jjertiirbation 
the ono planet prodncci on the olhei- will bo again re- 
peated on the return of the same identical configuration. 
But we have already seen that the synodical revolution 
of Venus is accomplished in 583 9 days. This tpianf ity, 
mnltiplieil by 5, pmkces 2,919.6 that ia, dnrin;; the 
limo involved in the long cycle of 2,931 days thei-c have 
occurred five conjunetionn of the earth anil \'emH dis- 
tributed equally around the orbits of Iho planets. If no 
examine the figure below, and suppose S, V and E to 
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ix'proaont llio places of the kmh, of VcriHs and the eai-tli, 
111 Vhc conmieiicoiHeiit of & great cyolo of 2,921 tluy.s, at 
the cud of one synoilic rcvolutbii of Venus V ihkI W 
will by tho plitcea of tho two pknela. At tlio oiul of llio 




second synodic I'cvoliitioii tho planets m\\ J)o in V" and 
and h]", nnd tliiss they will pass round tlio oi-l)itfl, mak- 
ing thciv conjunctions at intcrvitia of 588.9 days, and 
ficpa«»ted by arcs equal to onc-fiflli part of 860". Let 
lis now carefully oxaintno tlic reciprocal influcnco of V 
and ID. Starting from llio places V and E in tbo figuiti, 
Venus will tiiko tiie lend, aiid will tend to diiig fovwiiix! 
tho oartli, wiiile the earth will pull back tho planet, and 
as the planets sweLp iiound iho iini, \ cmts o\ u t ikt i the 
earth at Y"" E"" and aa the eiilli is now in iu\\ m i 
is will accclerato Venus, and will m tmn bo rcindid 
'i'huH a i^)arlial eompcHsation h tfl cts 1 ind the nuti ii> 
of ilio pkmots return nmly tj whit tiity tttn- tt tlii. 
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slnrt. '.i\m snino prooo33 is repeated at every cuiijimo- 
lioii ; and in case tlte planets fall exactly on llio riglit 
ihio S V ii, at the epul of five ol' these conju no lions a 
eoinplcte restoration would be effected. )iut lliis u not 
exactly true. 'I'iio periods are not precisely equal, atnl 
the fifth conjunction does not fall on S V J'l, but on a 
doited line a little boliind the position S V K. 'I'hero 
will, therefore, roiua,iii n very small amount of outatand- 
ing perturbation at the dose of one f;reat cycle, wliicli 
will go ou accuinulating so long us the dotted line falls in 
the same half of liio earth's orbit, JJut the ditlcrciice 
liotwcon 2,921.100 days aud 2,022.018 is 0.852, and by 
this fraction of one day is the earth later than Venus in 
reaching the point of departure. Hence, the conjunclton 
of tho planets must have taken place on a lino l>ehind 
that of the former coiijunction, whoso jjosition may bo 
readily computed. The daily motion of Vcnua is 1".G12, 
while thitof tho cutli IS C'la* aud thus \ cnuy jains 
dally on the eiilh by an imount c'luil to 1"(>I2 - 
0" '>H )-0" 027 Lut b V I b(, (he Ime of tho fuvit 



conjunction. At tho end of thirteen rc\-ohitions of VcnuH 
she returns to the point V, while (he earth is in tho 
point 13', requiring yet 0.852 days to reach !■". Ycnus 
tnuHt, tlierclbre, have passed the earth on some line as 
B V" E", such that Venus will have gained 0.852 d»ys 
on the earth when she arrives at V. But the daily mo- 
tion of Venus is 1''.612, and in the fraction of one tUiy 
0.852, she will move r.(il2x0.85a=i^3T3. Hence, 
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ihu iH'iv line (»f (.■onjuiietioii H \" ii" mmt fiill lieliiiiil 
llic old liiii! by tliisi ainmint in eauh ^rciit cycic of Uiiv- 
tMim I'l'yolulioiia of Venus and eiglit revolulioiLs of (ho 
earih. 

At tiie pud of a great cycle, Sirmcd bydiviilinj; Sdill" 
hy r.Jl?;!, and mnlfiiilyin^ tlm quoticitt by S, tbe lino 
of conjunction will vutiini to ila foriuer position ; and in 
caHC tlic orbits remain uiu-ulav, all the perl urbut ions of 
botli tlio planets resulting from tliis canso, as alli'ctin;; 
till) orbital velocities and consequenlly flic len^tbs <if ibi; 
major axi-a, ivill liavo been completely obliterated. I'lic 
orliit-s arc, liowevcrj not exact ciivles, neither arc the 
elements invariable, and hence the rcatoratioii «1H not 
bo perfect even at the end of this great cycle; but as the 
changes are all periodical, and as the Hnoa of apsides re- 
volve entiiely around, periodicity again marks tlioao 
iiiinuto perturbations, and at tlie cud of a grand cycle, 
composetl of many subordinato ones, these complexities 
and nmlHicatious will alt be entirely swept away, and 
the system return to its primitive condition. Tim singu- 
lar c(i[ualion (as it is called) above described in the mean 
motions of Venus and tbe earth was first detected by 
tlio present Astronomer Eoyal. 'L'ho period is about ?.ilt 
yeai-a, and in the ■\\liole of this time the acnnmilatod 
effect on tlio loiigiturio of Venus cannot exceed 2".i)5, 
while its oReet on that of iho earth only reaches 2".0G. 
a'his result of computation yet i-emains to be verified by 
actual oljservation. 

J-'or oilier parlieulai-s of tbe clniracteristlcs of this 
[ilanct and of the elenicnls of ii-i orbit wo lefer the 
readei- to the Appendix, 

TkK EAllTlt ASi) MOOS AS 1'0?1»ERABI.K BOlUliS. -Wo 

liavG aliuidy determined the weight of the earth in terms 
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of tliat of flifi suii, iukI wc hitvc seen tliat It would ri;nviiio 
354,936 eaitlis like ouvs to ftaknco tho jxiii<lcroiis orb 
which occupies the foaii point of the solar syalom. It 
remains now to ilctonjiiiio tho abaohilo weight of the 
earth ill jkiuikIs fivoirdiijiois, AVo shiill assmiic wntoi tH 
the staminni, and athnit tliat one caljio foot of isutti 
wciRhs 62.3211 ll)s. I''miu the known magnitude of tho 
splierc of tlio eiivth, assuming, say, tho mean HixmoUsi to 
be 7,941,12 jiiiles, wo can obtain the solid contuita in 
cubic miles, amounting to no loss than 259,373 milliomt 
'I'ho number of eubie feet in a cubic mile is rtadily cont- 
jmlcd, being equiil to 5,280x5,280x5,280 'Jims if 
wo know tlic weight of one cubic foot of tho r nlh ui 
fcriiis of the wciglit of one cubic (iwt of watu tl i t I il 
weight of the entire globe could ho rcudily o! t i i 
jjouuds. 

This weighing of the ear tli, absolutely, is a piobkii of 
great didieulty, yet it lias been executed, and the final 
results, tliongh not precisely aecni-ato, are, no doubt, 
close appmsimations. AVe can otdy give a jtnail out 
line of the principle involved in the method omplojeil 
Suppose an inllexiblo rod with a small Icadm bdl at 
each extremity suspended in tho niiddlo by a delicate 
wire. When absolutely at rest the wire will hang ver- 
tically witltout twisting or torsion. Any foreo applied 
to either leaden ball to move it horizontally will teuil to 
twist tlic stisporuliiig wire, and this torsion will resist the 
action of tlic force, and tins rcsistanco will finally bo 
1ir(mght into e<£«ilibrium with the foi-ce, and will thus ii* 
sonic sonso become ite nieitsurc. 'I'hus in Ciiso a ilclicrsEo 
weight is attached to oneof tho leiidcn balls and suspended 
over a pulley, it will descend until the toi-sion of tho 
wim shall be such aa to exactly balaneu the small weight, 
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anil tlicn llie iov*ion and wcifht will sttnd in cfjuilphvio 
ami tlio val c of t! e e J t (f o t ot co i 

twn) moam tl e fo ot e t c to to S [ 

poso a divide 1 setilo \ laced I c eitl tl o 1 1 1 11 ■* I 
a nwiJlc used tj a po tc tl en i tl e b 11 o 
tin's »cnlc, nncio oio i op lyalj '<tel y 1 tic 
amuiint of motion with tlio greatest delicacy. 

Il'liia niacliinery being arvaiigcd, Buppoao ivc bring n 
louden bull one foot in diatnelcr to witliin, my six inolici) 
of the small ij;i!l. Its powci- of atlmction will move tliia 
biitl over a space easily read ofl' from the divided scale, 
nnd tins will measure the attractive force of the lai'i^e 
leaden ball. 

Having Ibus learned the power excrled by a leaden 
ball one foot in diametcrj on a nulci'ial ]>oinfc located one 
foot from its ccntev, it is ca.sy, from tlic principles already 
laid down, to coiiiptUe what would ho the attractive 
power of a globe of lead as largo as (be eavtli ; and in 
ease this jiowor of iittrnetion thus computed should bo 
precisely ccpial to that exerted by (ho earth, then the 
earth iimst weigh exactly as much as the leaden globe of 
crjual size. Tiiis, however, is found fi-om many cxperi- 
meiita, tried with tlio most refined apparatus, not to bo 
(be case- 'J'ho leaden globe is nuieh heavier than (bo 
earthen one, aiui, indeed, we find that one cubic foot of 
carlli of the mean density of the whole globe is as heuvy 
as nljont five and a half ciibie feet of water, llonec, 
every cubic foot of tlio earth woiglia on tho average 
02.3211x5.5=342.76 Ife. ; nnd as there are in the en^ 
tiro globe 259,373 millions of eubie feet, tito whole globe 
inust weigh 342.76x259,373 millions of pounds avoir- 
dupois. 

With this knowledge of the absolute weight of our 
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euvth it ia easy to obtain tlic weif;lit of iiw huh iitkI plun- 
ois ill |K>un<]S| wore it necessary. Jhiltiply tlie iiiitiiiier 
of iioiini.Js ill tiic wciglit of llic earth by 354,9!J0, ami wc 
obhiia tiic aehuil weight of tUo sun. 

Tiin Fji.!UUK OK SHE KAUTii.—Wc have iih'eaiiy Keen 
that tlio earth is not a sphere, but a spheroid, protuber- 
ant at the equator atul ilattciied at the poles. The exact 
mctliocls of astfonomy oiuploycd in the mcasuveincnt of 
ai-es of the carth'a moridiana, together with the vJbra- 
tioua of till! poiKluluin in diffci-out latitudes, have iWcA 
with f^reat accuracy the rektivo wihics of the pohnr and 
equatorial dbiuctcrs of the cnrtli. 'I'lic mean of a large 
nuniiwr of measure.^ i-csulla in giving the — 

Kijllatcsrinl ilinmelor, 11.811,102 fi>cl. 

I'liliir dinmeter, ■i\, 101,324. " 

'I'lim givea it comjirciwioii ol' . . . . l^Ui^liS " 

Somo very remarkable results floiv from this peculiar 
figure of the earth. Among these we shall consider lirst 
the p-qnilibrhim of the ncean. If it he true, aw just 
asserted, that the equatorial diameter of our glolio ex- 
ceeds tlic polar dinmeter by 1 30,7G8 feet, then in ca«o 
tlio earth were i-cduced to the figure of an exact sphere, 
by turning off the redundant matter, we should be com- 
pelled to turn down at the equator, to a depth of no lewj 
than (>9,884 feet (onc-lmlf of tlio above (nmntily), and 
hence the Cfpiatorial region may be considered as a vast 
nioiiiitalii range, belting the whole earth, and rising 
above the gcnei'al level nearly seventy tliosi^inf! fi'ci. 
On the sides and over the summit of this tnount;!tn xaiv/ji 
the ocean swce^ its currents and its tides, ami yet tlic 
mast delicate and beautiful equilibrium is mainlaiiti'il. 

ThiB 18 due to tho fact that the velocity of rotation of 
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tlie envtii on its axis is absolutely uniform and invarialilo, 
ami liGiico tli6 ceiitrifugat force, whose ixuvor precisely 
eoHiilerUlaneea tUo gravity oh tiie mountain side ou whidi 
tlie ocean i-csts, is over tlio same. I'liis great prinoiplo is 
beautifully exemplifietl by taking a glass vase, filling it 
with a colorc<l liquid, and suspending it by a cord. So 
long as tlic vase is at rest the flnid ou its uppov surface is 
|n-cciMcly level and plain, Now, give to the vase a mo- 
tion of rotiilion about a vertical axis (as .by tlic untwist- 
ing of the suspending covd), and at oiicc the fluid comi- 
luences to riao upon tlie sides of tho vase, and a disk-shapcil 
cavity is fornictl This rising continues so long as the 
velocity of rotation increases. Should tho vclooity l>c- 
come uniform, then tJio figuro of the fluid in the vase 
assumes a form of exact cquilibmun, and tbo delicate 
circle that marks the height to which tho fluid rises in 
the vaso i-enmins constant, and will BO continue, so long 
as the velocity of rotation is unchanged. I'lio stability 
of the liguro of the ocean dejrends on the same principle, 
and were it possililc to arrest tho rotation of the earth, 
instantly the equatorial ocean would rush towaixls the 
ixjioa anil would there rise until the general level should 
become such as is due to a spberica! figure, wliicli the 
ocean would assume, 

Notation ASi> i'iii-:(M:s^inx.- .U'eii;i\e in llii*:se ic- 
riiavkable pbcnomenu anollier eOect of the figuro of tlie 
c:trth. We have alreiidy mentioned the fact that t!io 
vernal equinox (tlie point in which the stni's cenler 
crfBJses the equinoeiial in tho spring season), does mil re- 
main fixed in the heavens. This discovery wiw m:uh. hy 
the early tistrononiei-s, the fact noted, and an approxinmlo 
period of revolution, amounting to some twcnty-hvo or 
twenty-six thousand ycai^. Modont soienco has not only 
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dcfpi-mineil ilic exact period to be 25,868 years, but lins 
triiccil tho phouomcHon to its origin, iiiul has i-evciilfsd tito 
eiiuso to lie i« the faet tbat tlio protulievatit mass of mat- 
ter sitrronndiiig the c(j!sator of tltc oiiftli is « HulTicieiit 
•piirckase to enable the sun anil iiioou to till the entire 
earth, and eoiiHoqueiitly tUo plane of tho earth's equa- 
tor. Suppose tiic earth I'cvolvcd on an axis porpon- 
diciilar of tlio ecliptic, or that the equator of the cartli 
and the cclii)tie coincided. Then, so far us the snn is 
conecrncd, thei-e could arise no power to elt'ect a clianj^e 
ill the plane of tlic ccjuiitor; but as tho moon revolves in 
an orbit inclined to the plane of [he ecliptic, tlio moon 
ivill be somctimps above and fionielimes below tho plane 
of the Garth's cqnator, now supposed to be eoiiuiidcnt 
with the ecliptic. Whenever the moon is above the e(|un- 
torial ring of the eartli, she will tend to lift the nearest 
j>ortion of tliat ring above the eeliplie, and to sink tlio 
opposite part below Die same pIiuic. and as the moon re- 
volves around the earth, she will cause the ei|uatorial 
ring to tilt towards Jier position, and thus the line of 
iioiles of the ring will revolve as tlo the lines of nodes of 
the planetary orbits ; and this is precisely what wc find 
to be true of the Hue of equinoxes, or tho lino out liy tho 
plane of this equatorial ring from tho plane of tho eclip- 
tic, proiliieing, as wo Imve seen, a re/roccssiim of tho 
criiiinoctial point, and a precession of llio time of tho 
cijuinox. 

'J'»K KUTATiON' or 'HIV, KXR-ni'a axis is a phenomenon 
springing out of the Kaiiic causes pitiilucing jirceossion. 
Jf we consider the axis of the earth as an inilexible bai', 
passing thraugh the earth's center and perfiendicnJar to 
the wjuator, extending indefinitely in opposite direetioni^, 
to tiie eclestial sphevs, it is cle^r that any tilting of tlio 
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earth's equatorial ring will cqiiiillj' tilt the Jixia of llic 
eartii. 'I'his is iiclually seen in the slow revolution of 
the pole of tlio earth's equator around the pole of the 
cciiptie ill a per'iotl precisely equal to tltitt employed in 
the revolution of the equinoxes. Nutation is but a su~ 
l)Ordinatc Ihicliiatioii wlicreby tlie pole of tlio ci:|uator, 
instead of dcscribiiig an exact circle around the pole of 
the ecliptic, makes cerfain short excursions a little on tlio 
inside and on the outside of this circle, in a. period ivhich 
agrees exai^tly with ihatoccupiod by the revolution of tbo 
nodua of ihe moon's orbit. Tliis at once suggests the 
moon to Ijc the priiieit)al eau.sc of this noddiwj of the 
earth's axis, andj indeed, modern analysis has pointed out 
the origin of the movement, and lias accurately coiii|jutO(t 
its value. 

In all wo have said wo have supposed the equator and 
ecliptic to coincide. This, however, is not the ease of 
nature. 'J'hcsc planes are inclined to each other, and 
hence we iind the sua producing i-csitlts (analogous to 
those already traced to tlio moon) on the mass of pro- 
tuberant matter auri-ounding the earth's equator, Tho 
exact values of these constants of precession and nuta- 
tion ivill be found in the Appendix. 'J'lio greatest pains 
liHve been bestowed on their determination, as they ai-o 
of the first iraportanco in fixing tho absolute places of all 
the henveiily bodies. 

FlOURB OF Tlia earth's ORBIT.— TllC clHpticJty of 

the earth's orbit is slowly wearing away, under tho com- 
bined iiiilucnce of all tho planets. The eccentricity at 
the commencement of the pre»Jiit century amounted to 
0.,01(37B8r»68, the Benii-major axis being coiisidoi'ed as 
unity. I'liG amount by which this quantity is decreased 
in a hundi-cd yeai-a is 0,00004163. Let us i-educo thiae 
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llj^iii-es to inteUigiblo qiraititios. Tlie cceonirioity is Uio 
ciistaiice from tho eontoi- of iha dli|)SB to the focus, Hnii in 
milosiscqual 10 0.016783508x95,000,000- 1,504,100. 
!rins quantity decreases in one Imndvcd yeai-s by 
0.00004163x95,000,000-3,951.85 miles. If, now, 
ivo divide 1,594,100 by 3,954.85, the (luotiont 405 -]■ will 
bo the iniinlior of ccutuvies which must clapso before Hio 
earth's orbit will bcconio iin exact eii'clo at the present 
ralo of change. It is iwcovtaiiied by a rigorous analytical 
i u vest igiit ion of tliis great pi-oblem that SO soon as iho 
circular figure is icaciied by the cartli'a orbit tlio simio 
Oiiuscii I'ever.-ic tboir cflbet.s, and the eii'cidav figure h lost, 
and llio eccentricity of the elliptic figure slowly increases 
mitil finally, at the end of a vast period, tlio orii^inal tbvni 
of the orbit is rci^aincd, to be again lost, and (bus an cx- 
pnn.sion and contraction niarUs the liistory of the earth's 
orbit, vibrating tliroiigh porimUof finiesiveJIin;; into mil- 
lions of yunr> 

Ainimuios ot tin moun s mi vn 1101!" Ihi 
ctiange m tiso fi^uio of the eutlis oibit pmlnu-! t 
mthuti, change in the nn ni motion ot tlio moon, shidi 
v>\% aftci kng jetis of the mo'-t Uboiions K^aioh, 
findly traced to Hi iiuo oiigin by Lt I'laco 'i lio lict 
that tlio moon wis mo\ ing faatci in model 11 tli <n m 
ancKnt tnnes bceamo cviduit iiom 1 com|)au'-on of the 
inoliiii and ancient eclipaus ihew cclip'iia can only 
onus wlun the sun, eaith and moon occh|i\ the muiu 
ii bt hue ncaily, and heiiec fJioir rocoid /ims imi 
jnmat, kiio\*leilgo of the ieliits\c poiition ol ihi 1 fiiH 
bodiis Jt thus liec^mo inuniuH thtt the n ii s [ 1 
■with «bieb the moon w« mo\m^ m bti oibiE n t- I ml\ 
nnrcHHig h-om eentuiy to ctniuiy 'Ihi-, fiillo\n ntu-» 
siuilyfiom the fact thit tlit lo» of owuiiiinti lii the 
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01-bit removes the earth by a fiinall amount (on Uic aver- 
age) further from tbe sun. This earrioa both the ciirtli 
aiiil her HatoHite by sj mueh awny fi-om the disturbing 
iiiiluoiieeof thesun, Iciwiug to tbo eavlli a more cxchisive 
control of the raoon. As the sun is outsiile the moon's 
orbit wilti voforcnce to tbe Citrth, his attraetiou ivill iii- 
crenso the inngiiitude of the moon's orbit, and, of course, 
her periodic time. Any dlniiiiution of the auii's disturb- 
ing |)o\s-or will thcroforo by SO mucli permit the moon to 
iippi-oiicb the earth, nnd fo inereaae licr velonity of rcvo- 
huionj and ttiis is precisely what observation baa rc- 
veiiled with reference to our satellite during the entire 
period tliat history has recorded the progress of as- 
tranomy. 

'f\m gradual acceleration must continue up to ihe timo 
when the earth's orbit shall become exactly cireulitr in 
form. This limit once attained, its this orbit slowly ra- 
sunies its clliptio form, tho acceleration of Iho moou'a 
iiiisin motion is conversed into retardation, and thus at 
tlio end of a mighty perial this ebangn will be cnth'ely 
destix>yed, and the moon and earth rctiiru to their |)rimi-- 
tivc eondiiion. This acceleration of the mean motion of 
tho moou is so slow that from tlie earliest record of 
cclii>3oa by the JJabylonians down to the present time, 
some 2,S0O years, the moon has got in advance of her 
mean place by nljout threo times lior own diameter. 

Tlie facts abovo relat»l indicate with liow much dili- 
gence the moon's niotions have bceii studied. Though 
she is our nearest neighbor, and consef[aently more di- 
rectly under the eye of tho astronomer than any other 
lieaveidy boily, her niotions have been more complex and 
diflieult of perfect ex|>ositioB than any object in ibo 
heavens, 'i'he recent iuve.itigations of the European anil 
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.Viiicvif'.m atstronoiiiei-a and miitUematJcians stocm to have 
fiimlly conqiierc! this icfr.ictory satellite, so tliiit now it 
Ijeeomea posaiblo to unravel hoi' invylved ami iiilricato 
inni'cli among tho sUxm witli such preciaion that wo 
CHI fix Jior place with certainty for oven thoiisamU of 
years. 

Mahs as a I'ONDKRABLK BODV.—This plancfc revolves 
ill ail orbit of such eccoTitiieity uh to prcsoiit very iiiarkcil 
(liftcrcncca in the power of attraction of tho ami on tlio 
planet wlicn at its greatest anil least distances. It-4 moan 
distance is 142 millions of miles, giving ita seini-ninjor 
axis a length equal to 71 millions of miles. 'I'lic ecccii- 
tricily of the orbit (the distance between tlio center and 
focus of the clliiBc) amounts to nearly one-tenth of this 
{)«aiitity, or to about 6.4 millions of iniJos. Mencc, tho 
lieriltclion (tistaneo is C4.6 millions of miles, while tho 
iiplielion distance is 77.4 millions of miles. Tlio attrac- 
tive power exerted by the sun in porihoHon will ho 
gi«tttor than that c,\erted in aphelion in tho ratio of 
(77.4)' to (04.6)', or lis 5,S)!tl to 4,172, or nearly as 3 
to 2. To resi.st this incroawd power of sitlraelion in 
j)criholio tho planet must there move with a fiir higher 
velocity than when in its aphelion. Alt these deductions 
from tlieory are verified by observation, 

It was from an examination of the niovomonta of Mai^s 
that Kepler deduced his colehratcd laws. These laws wo 
have had occasiion to use constantly in our computations, 
hut in conscfiaencc of tho mutual actions of the planets, 
not one of these laws is rigorously true. The orbits of 
the j>lanct8 are not exact ellipses; nov do they m revolve 
that the lines joining ihcm with the sun sweep over pre- 
cise equal spaces in et|«al times, nor arc the stjuures of 
the (jcriods of revolntioii preci-sely proporlioiiiij to the 
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cubes of tiie mean {listances; bat tlio fiiiluve in thcso 
laws is duo entirety to inevc perturbttthn, inul in eiiKC a 
BJiiglo planet existcti rcvolviTig around tlio sun, ttif^y 
would all be acrupuloualy fulfilled. 

The planet ^^ara wat), liowcvor, well situated fof the 
oxauiiiiallou conducted by Koplcr. 'i'liis becoiiiea mani- 
feat if wc call to mind the gveat distance scixirating Mara 
and Jupiter, and the comparatively small disturbance 
wbicli the earth can produce. To pi-esent this problem 
still clearer let us sup[)03e the eaith, Wars and Jupiter to 
be ill eonjuriction, and situated aa in the figure, 'i'licu 



the (listiince from S to K is 9.1 milliuna ofmile.-i, from S 
to M 142 millions, from S to J 85)0 millions of miles, 
Hence, tbo distance E M is 142-95=47 millions of 
mile-s, while tlic distance M J is 800 142=648 millions 
of miles. AVc will fir.st compute the power of attraction 
of Jupiter on Mars, as compared with tho [lOwcr of tbo 
Hun. If the masses ivero equal tho energy of Jupiter 
ivonid, on account of tho greater distance, lie reduced be- 
low that of the sun in the ratio of (142)' to (648)', or 
nearly as 1 to 21. But the masses arcnote<)Hal, for tho 
aun weighs as much as 8,502 such globes m Jupilor, 
and hcnco, by combining thcso eauses of rcduetioii, wo 
find the force exerted by Jupiter to be less than that 
exerted by the sun in the i-atio of i to 3,502 x 21, or as 
i to 115,542. 

Let us now see what force the earth exerts on Mars, 
when conijiaixid with tho sun's force. As ihc earth is 
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nonror to Jfars fliaii llic Hitii, in ciisc llie sun ami Oiiilh 
wove of equul weights tlicii- ciieF|;y at ^[av3 would bu in 
tlio ratio of (142j" to (47)', or as 20,164 to 2,209, or 
nearly in {lie ratio of 9 to 1. lint tlic auii wciglis an 
much as 354,936 eavtlist, aiid if wc tiivido 354,936 by 9, 
wo obtain 39,437 as a. quotient, and hciiec tho power of 
the Bun on Jlara is to tho power of the earth as 39,437 
tol. 

It 13 thus seen that ilic earth h more powerful thmi 
Jupiter to disturb Mars in tlio ratio of II5,.'J42 to 39,437, 
or in the ratio of about 3 to "1- To exhibit more clearly 
tho nihmtc eliaractcr of the ofl'eOa of the earth and of 
Jujiitcr on this planot, let U3 coriijjutc the s[);ti;o through 
ivhicli a botly would fall in one second, if as far reuiovci:! 
from the sun as JIars, Wo liavc already seen ihnt 
gi-nvity at tho solar surface is 28.7 gixirttcv than nt tho 
swvfaeo of tho earth. At tho earth gravity inij>i"e»sea 
Buch a velocity on a falling body that it passes over a. 
space of 16.1 feet in the first second of time ; tliei'clbrc, 
a botly at the sun's surfitco would fall through a space 
represented by 28.7 x 16,1-- -.461 feet i» the iirat second 
of its fall. If wo remove tlio falling body to doitblc tho 
distance from the suns centci, tho foico of tht, sun's 
gi-avity is iuluci.d to one (juutci, nid hcni-t. the -ipico 
passed over bj the tilbng body it two units liomtlu 
center of the SUM will i« '|'=115 25 feet Hut MnW 
distance from the sun u 142 millions of milc-f wlnlo tho 
solar radius 18 441,500 niiki, m otiiu v^onl-i i I illni 
body, removetl to the distince of Iklira fioin tin nn t 
about 32 times more remote fiom the sun's luMn i'kh 
when on the sun's suifuL, nid tlit, tntigy ol tin -un i 
gravity would be rcduwsl at this diat mih, m tbi » itio of 
(1)" to (32)', 01 83 1 to 1,02 i, sotlnttbod; wouldfill 
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in one second, if as far removed from the center of the 
sun aa ia the planet Mars, through a space represented 
by JJ3V~0.450194 feet. To what extent will this 
quantity be affected by the attraction of the earth ? The 
answer is given in the result already reached that the 
power of the earth ia only the thirty-nine thousand four 
hundred and iiiirty-seveiith part of that of the sun, and 
lience the falling body will only pass over the additional 
space represented by the minute fraction J'j.iiji^l'-^^ 
0,000011, or about the one hundred thousandth part of 
one foot. These quantities look to be minute and quite 
unworthy of notice, and yet from these small disturbing 
effects, accumulating through agca, arise al! the amazing 
changes which are progressing among the elements of the 
planetary orbits. 

We will not extend these details, but refer for farther 
pirticuKra to the Appendix 

IhS ASTEROIDa AS PONDBRABIE BODIES — A& yet we 

have no certun knowledge of the magnitude oi mai&es 
of these minute worlds We aie i=iaured that they ise 
subjected to the law of motion ind gravitation ani thit 
the elements of then orbita aie undeigomg the sime 
modifications to which the elements of the orbits of all 
the planets are subjected These planets aio disturbed 
piinLipaliy by the action of Jupitei, as we may leadily 
deteimme by an eiimmation of the masses and distances 
of the two neireit phnets, mside and outside the orbits 
of the TSteroids 

The mein distance of the group from the sun is about 
2 5 times the eiith s distance The distance of Mats m 
terms of the sime unit is 1 5, and the distance ot Jupi 
tei hom the sun lo 5 2 Hence, from the mean distance 
of the asteioids to Jupiter is 5 2— 2 5=2 7, and from the 
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same to Slam is 2.6—1.5—1.0. IIoiico, if Mars and 
Jupiter were ocitiftl in weiglit, the power of Mm-s over the 
centrtil asteroid wonld exceed tho power of Jupitor in tlic 
ratioof (2.7)Mo(1.0)', oriu theratioof'T.S to 1. ]lnt 
Jupiter is 250 times lieavier tliun Mtra, and hcnoc iits 
jioivcr will be increased in like proportion, and tho at- 
tiaelion of Mara will Ise to that of Jupiter m 7.3 to 250, 
or as 1 to 35 nearly. Ilonco wo perceive tliat Jupiter h 
the principal disturber in the movements of tho astei-oida. 
For further partieulava' tho reader will consult the 
Appendix. 

.)uiTri;n AND iijs sATiaxiTKS AS m-;\vv ItOlUKS.— 
I'll is phnu^t is not only iicavicr, but its volume in much 
greater than that of any one of tlio planets. Being 5.2 
further from the sim than the earth, it will l)o attracted 
by a power diminished in the ratio of the sfpiarc of 5.2 
to 1, or as 27 to 1 nearly. 

The weight of Jupiter ia to tliitt of the earth as S38 to 
1, and in case bis diameter wore exactly equ.il to that of 
the eartb, a body weigliing one ]>0Hiid at tho terrestrial 
equator would weigh at the equator of tbia planet SBS 
pounds. But tho diameter of Jupiter is 90,YS'l milo-'i, 
and its radius 45,377 miles, or more tban ten tinies tho 
radius of the earth. His attraction on a body u|ion the 
surface will tliercfore bo reduced on account of this ten- 
fold distance to the ono hundredth of 338 pounds, or lo 
3.38 pouiwls, or, if the computation be made prceisoly, 
the result gives na 2.81 as the weight of one terrestrial 
}iound at tho equator of this planet. The student can 
eoniputfi the reduction in tho gravity of the planet at the 
equator arising IVoin llie action of the centrifugal force, 
tho planet rcvolviug on ita axis in 9h. 53in. 2?!!, 

'I'lie princiEjal disturber of Jupiter is the planet Saturn. 
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Kvom tlie sun to Jupiter i.s (t.2, tlio Ciirth'a disfiinec lioing 
1. l''i-oin Jupiter to Satuni t!ic distance ia 4.3 in tlie 
Siimo tcvins. IIciicc, if Saturn wcjyhod as much as tito 
SHH liB iJontt ovti Jupiter would bs greater in the ratio 
ot (5 2) to (i S)', 01 I'! 27.04 to 18.44, or as 1.47 to I. 
;i.Jul tilt sun wtigln n muoli na 3,f)02 Siiturns, utul liciioo 
]m poMU ovci Jupitei hjH exceed that of Saliun in llic 
ratio of ' ;j to 1 01 ns 2,Ji80 to 1. This, of couiso, 
is th( iiitiout the f)icM when the planets itvc in con- 
jinii ti 111 "\\ lieu in opp Hition tlic iiitervnl between tlionk 
is in itisel bj the dnniLter of the orbit of Ju|)iler, or 
b> Id I an I thus It hcunnea 14.7, instead of 4.<!, and 
ill th s pi itioi tliL di^tuihini; power of Saturn is reduced 
iu the 1 itio ot (1 1 7)' to (4,8)', or m 210.09 to 18.44, 
or as 12 to 1. 

Wo have already seen bow we can ascertain iho weijjlit 
of thia planet by olwervinj; tlio periof,\ of revolution of 
]m safelliU',^ and by measuring their distance,?. By tak- 
ing these qnaufitiea from the tihle in the Appendix tlio 
.suidetit iiuty eomputo readily the mass of Jupiter s.t com- 
p;n>;.[ wiUi that of the earth. 

'I'he I'eijciiliicity of the orbit of this planet amounts to 
0,0481, the scnii-niajov axis being unity, ov Utc diataneo 
from the center of the ellipse to the focus ia ettual 
to (242,500,000) X 0.0481=11,064,250 miles. 'Oiis 
<iuantity is now slowly increasing, and gains every year 
in lengtii 388 miles, fhis is duo to tlio disturbing in- 
liueneo of tlie surrounding planets, and after an immense 
periotl will i-eacli a limit beyond which it cannot jkiss. 
The iiieranjent will then lio converted into decrement, 
and a limit being again i-caehe<l, the orbit in its figiiro 
thus osoillatca between these limits in calculable, hut (so 
far m I know) in periods not yet ualcnlated. 

15* 
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I'lio same fact is tnie of tlie incliititlioii ol' !hi; pliuio 
of Jupiter's orbit to that of the ecliptic. On lli.: Ut 
January, 1840, this iiiclinntion amounted to i° IS' 42" A. 
Its present aiinual decrease is 0".23, and stiotiW this eoii- 
tinuo, afe tlie end of about 200,000 years these pliiies 
would coincido. Tiiia, Jiowovcr, can novcr lake place. 
Tlio decrease finally eotnc-s to be converted into increase, 
and tlius tlic pliiuc of tlio orbit of Jupiter may l>c said lo 
rock to and fro on the plane of tlio ecliptic iti |)erio(ls 
rcaebinj; lo even iiiillions of ycai's. 

Wc have already noticed a source of perturbation in 
the case of Venuf! and flie carlli, arising from the ap- 
proximate conmicnsiirability of the perio<ls of revolution 
of those planets. A like ci(uuthn, a3 it is called, exists 
in the case of Jupiter and Saturn. Five pcriwis of Jupi- 
ter arc 21,6G3, and two of Saturn's pecicds avo 21,519 
days ; bo tltat in case the phincts slavt at any given time 
i'mn a conjunction, at the end of five revolutions of Jupi- 
ter and two of Saturn, the })1ancfa will return to neiirly 
tiie some points of liieir orbits and to tho same relatiro 
pasitions. Jiut the synodieal pcrioil, or tho time fmni 
conjunction to conjunction of these pinnels i» 7,2o!S,4 
days, and three times this quantity anioiuita to 21,760.2. 
nencowe perceive Jupiter in this periotl will have per- 
fomed five revolutions and 21,700-21,663=97 days 
over, while Saturn will describe two TOVohitions and 240 
days over, and during these excesses the planets advanw 
in their respective orbits 8° (>', Thus every third con- 
junction will fall 8" 6' in advance of the former one, and 
the conjunction lino will bo thus carried round the entire 
orbit in about 44 times x2J,7(i0 days, or in 2,(548 
ycai's, at the end of which cycle tho ssatne exact condition 
will be rcatorcfS, and all the perturbations in the same 
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time comjiiutcly obliternted, pi-ovidcd tJio flffuvc'J of Iho 
oi-bifs rcmaiii uncluingod. IiideeJ, a Fcsforatioii is effuclrd 
jKirtJully and almo'st completely in conawjuoiicc of tho 
triple coiguiiction Hliioli tfikca [jlacc in tlio pciiod of 
21,700 tiays, 'i'ltcao conjunctions fiill at points on tlio 
oi'bitK 120" aiMi't, ami tlius tend to ctl'ccta ivstoratioii, 
\vliioli h only fully jjorfectcd, however, at the end of tlic 
groat cyule of 2,648 years. 

Jlere ive find again tlie cause wliicli prevents tlic luivs 
of Kepler from being rii^oi-ously nppUcalilo to the planet- 
ary inovenienta. In case Jupiter existed alone, then llie 
line drawn from tlic plimct to the sun would sweep iu'er 
c(pml areas in equal tinici, as it is carried by tho planet 
around tlie sun. But tlio association of the two |)lanetH 
j-eiHlci-s till! appliuation of this law no loiiffev poiisiblo, 
.Tupitor is dragged back by Saturn, and yuturn is dragged 
forward by Jupiter when tiiey start oil' from tlicJr lino 
of conjunction ; but here eoine.-j in a nio.st wonderful 
conijwnsation in tlio fact that whatever Jupiter's inolioii 
loses by the disturbing influence of Haturn, Katurn'a mo- 
tion giiina liy the disturbing influence of Jupller. Ho 
tliut the sum of the areas swept over by the lines joining 
the two jdauets with the sun wif/ rifirni/s ho tqt/r/f ii) 
eqwtl (imcs. 

■\Vc shall not extend fiirthor uur maiu ■< of tla' resulK 
arising from the action of gravitation on (be plma.-i iirnl 
their Biitellitcs— Iiaving discussed to some esloni tho 
mutual pert arlKit tons of Uranus and Neptune in a fin mi-r 
ehaptcr. 

Wc will close by an extension of the principle laid 
down in the easo of Jupiter and f^atum to the ciilmi 
planetary system. If at any moment lines weic di iv-n 
from tlio eeiiter of the sun to eaoh of the planets in the 
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entire system, aiul fcom tlio center of each of tlio pLmets 
to thch' ii^iKjetive aatollitea, tlio nreas swept mov Ity alt 
tlicsc Hhcs thus ilrawn will always ho equal iit (^Hial 
times. Thiia, while not a solitaiy planet or safellito ciui 
follow thU law of etjual areas, Uio comhiniiil soheme i-i 
iKnind by if in tho most rigoraiis innimcr ; ami if tlie 
amount of area dcseribctl !>y the entire system in one 
hour iierc i.letnminod to-day, anil ho tsoiit down to \im- 
Icrity, at the end of ten thoiusiiiid yeav,^, a like coniimla- 
tioii heing made, tho pame identical result iiill 1mi reaelicd, 
pi'ovidod the aystcni roniuin fiuc fVoiu imy disinrhin^; in- 
Ihicneo cxteiior to itself 

In cose, lliei-cforc, the sun \utli all !h> pl.niets and 
eonicti ii, inderai, dviflinjf through ^jwee into other Htelliiv 
iTgions, tho time may eomo wlicn the fixed stuis may so 
distnrt) the siiin of (he ttims as to point out clearly tho 
fact that our system has positively oli!ing(«t ita location 
in siMice. 

^\'o will close our discus'iion of tho sun and his satel- 
lites by tho exiimination of an liyp'tlhesis which has been 
profjouiided to account for tho peculiar organisation of 
iU'm vast scheme of revolving worlds. 
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CHAPTER XVI. 

THE NEBULAR HYPOTHESIS. 

■ErABOEMEBT OF inp SOLiB S^STPH— TilC PllKBOMEHi F 
lyjTiTIOK la KEEPn^ BIBLE —TnF PllEhOMFNA REMAmmi, 1 
ri.TliD f™ — HEBITLOnS MaTTKE AS TODSD IK CoMETS.— NliBtt 

OBE OF NKi.vuma Maiiek.— Motion of Eotatiob— Bad 
n.-OnonahSATTOF AND Its Effeotb— Rra™ DismHOiGED 



In our examination of the sclicme of worMe which re- 
volve around the sun we have found tliat the orbits of the 
planets are all nearly circular, that their planes are all 
nearly coincident with the plane of the ecliptic, and that 
thJ3 plane ia nearly coincident with the plane of tho sun's 
equator ; that the planets all revolve in the same direc- 
tion around the swn, and that the sun and plaQeta and 
satellites all rotate on their axes in the same direction ; 
that the periods of revolution grow shorter in the planeta 
and satellites as their distances from their primary grows 
less ; that the sun rotates on his axis in a shorter period 
than that employed in the revolution of any planet; that 
every planet accompanied by satfillitea rotates on its a.xi8 
in a less time than the period of revolution of any satel- 
lite. The law of gravitation is not responsible for any 
of these facts, and in case we compute the chances of such 
an organization coming into being by accidentj we sliall 
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find Imt one eliaiice m so niitny iiu1lbri» tliut wo irrc 
TOiUjiclled to look to some liif^lter eausfj lluin iiiuro acci- 
itcut to account for bo great a multitmlc of combincil 
pl,cnon,on«. 

■\\'o liave said that gravitation is not responsible for 
tliG facts abovD stated. In case a Bolitary planet lie pro- 
jected ivitU a given force, and in a given tlircclion iiliout 
tlic sun, and nt a given distiuiec, it will revolve, na wo 
liare seen, in one of four curvea, and in any one of tlioso 
ciirvoa it will lie hold c(|ually tjy the law of gravitation, 
'I'he plane in which it revolves may assume any angle 
witli a fixed plane, tlic direction of tlic revolution may bo 
the same or contrary to that in whicli the sun rotates, tho 
orbit may ho a circle, an ellipse, a parabola, or an hyper- 
bola, and yet the planet shall revolve, subject to the law 
of gravitation. It may rotate on its own axis cither with 
or against its revolution in its orbit, and in case we give 
to this planet a satellite, tho sumo statements arc true 
with reference to this attendant. So that, so far as tho 
law of ginvitation is conccvnc<l, them might hove been 
among the planets all the diversity in the form of their 
orbits in the aiiglcs of their inoiination to a fixed plane, 
and in the direction of their millions, as are found among 
tho u)nict3 and yet each object would have been subject 
to the fcieit Utt of universal gravitation, 

\\o cannot tluicforo, affirm that the peculiar struc- 
ture of the solar system results from tho laws of motion 
and giivitation without pre-suppo-fing a condition of 
matter entirely dificrent from that now i-eeognineiJ as ex- 
isting in tho planets and their satellites. We have already 
noticed tlio wonderful conslilution of the ew»»«/s. In 
thiBO bo<lica is found a kind of maltcv which lias been 
tcrmctl nebulous, in which the iniimtc pirtiolcs are sejia- 
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rated by some rcpiilsiyo foreo, and ttio cJilivo mu^B h but 
a vapor of tlie most refiiiiid toiutity. 

Among tlio stoSSar regions tlic tcleacope lias rcveaktl 
objects wliOBG light is so faint and whoso forms are so ill 
doRtiwl that tltcy Iiavo been regarded by wmny natrono- 
iiiei'rf of litgli reputation to bo analogous to llie comets in 
tlicir material, cxiiibiting the primitive or primordial con- 
dition of tlio matter composing the physical uiiivcrMC, 
'I'liis conjecture (for it ia nothing more) may ho true or 
fiiiaCj hut its truth or falaciiood cannot in any way atfect 
the credibility of the theory or hypothcsia wc are about 
to present. The present condition of matter canimt in 
any ivay bo assumed to he the only condition in wliieli it 
ever existed, since we now know it to bo subject to extra- 
ordinary changes and mast wonderful mollifications. 

JiOt ns, then, suppose that it time once was when llio 
sun and all its planets and their satoUitcs existed as one 
mighty glohc of nebtilous matter, whose diameter far ex- 
ceeded the present diameter of the orbit of Neptune, that 
to tins stupendous globe a motion of rotation was given, 
a!id that its heat is' slowly lost by radiation, and let us 
endeavor to follow the changes which must flow from tbo 
loss of hcitt and the oiieration of the laws of motion and 
gravibition, and learn whether from this [Kircnt ma-is a 
scheme of planets and ^tellitea such as now exist can be 
generated. Wo prefer to pi'cscnt the reasoning in tho 
language of M. Pontecoulont, one of tho most eminonl 
of the illuatrioua disciples of Newton- -merely premising 
that in case the central rotating mass contracts by loss of 
hfiit that a timo must come wiien, in consequence of tlio 
incieased velocity of rotatioiij tbo force of gravity of a 
particle at the ecjuator will Ims ovci^como hy tho eentrifu- 
fdl force genemted by tho velocity of rotation, and heneo 
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Jiat Koncs or rings of vnpor or ncliulous matter niusfc 
uveiittuilly bo formed in the plane of the ciiiiiitor of tlio 
I'cvolvJng gloiio ; — 

" TJiCse zones must have begun by cii-cnli»tiiig round 
the suit in the form of coiiccnirio rings, the mait voktilo 
molecules of ivbieh Jiiivo formed the s»[jcriiii- pivrt, and 
the most condensed the Inierior part. If all the nobuloua 
molecules of ivliich tliaso rings nro conijiosed liad cou- 
liuiicd to cool ivithont disuniting, they wouUl liiivc ended 
by forming a liq\iid or solid ring. JJut the regulnr cou- 
slitulion wliieh nit pnrts of the ring would raiuiro for 
that, and ivhiuh ihoy vouhl liuvc Jiccdctl to pi-oscrvo 
whilst cooling, would make this phenomenon extremely 
rare. Accordingly the solar system presents only ono 
instinice of this, that of the rings of Saturn, (jcnorally 
the ring must Iiavc broken into several parta, which hnvo 
citnlimicd to circulate raund the sun, and with alinoat 
fipui] veliwity, while at tlse -same time, in eonse<iueiico of 
ilu'ir ;^i,'|iarat!on, they wonid accjuiro a. rotatory motion 
iiiuud iheir respective eoutci-a of gravity; and as the 
(nolfi:nh-i of the superior part of the ring, that ia to say, 
those fuitlicat from the center of the sun, had necessarily 
an absolute velocity greater than the molecules of llic in- 
ferior part which is nearest it, lUe ratalory motion, eoni- 
jnoii toali the fragments, must always havfi been in tlio 
same direcUoii as the orbitiial motion. 

"However, if after their division one of these frag- 
ments lias been ssifficiently superior to the others to unite 
tbcui toit by its attraction, they will have formed only a 
mass of vai>or, ivlneb, by the continual friction of all its 
parts, must have assumed the form of a spheroid ilatlened 
at the |>o!e3 and elongated in the direction of its eipiator. 
Hei*, then, are rings of vapor left by the 
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treats of the atmosphere of the sun, changed into eo many 
planete in the condition of vapor circulating round the 
sun, and possessing a rotatory motion in the direction of 
tlieir revolution. This must have been the moat common 
case ; but that in which the fragments of some ring would 
form several distinct planets possessing degrees of velo- 
city must also have taken place, and the telescopic plan- 
ets discovered during the present century seem to present 
an instance of this ; at least if it is not admitted with 
Olbers, that tliey are the fragments of a single planet, 
broken by a strong interior commotion. It is easy to 
imagine the successive changes produced by cooling on 
the planets whose formation has been just pointed out. 
Indeed, each of these planets, in the condition of vapor, 
is, in every respect, like one of the nebula in the first 
Stage : they must, therefore, before arriving at a state of 
soUdity, pass through all the stages of change we have 
just traced in the sun. At first the condensation of thoir 
atmosphere will form round the center of the planet a 
body composed of layers of unequal density, the densest 
matter having, by its weight, approached the center, 
and the most volatile reached the surface, as we see in 
a vessel different liquids ranged one above another, ac- 
cording to their specific gravity to arrive at a state of 
equilibrium. The atmosphere of each planet will, like 
that of the sun, leave behind it zones of vapor, which will 
form one or several secondary planets, circulating round 
the principal planet as the moon does round the earth, 
and the satellites round Jupiter, Saturn, and Uranus, or 
else they will form, by cooling without dividing, a solid 
and continuous circle, of which we have an instance in 
the ring of Saturn. In every case the direction of the 
rotatory and orbitual motion of the satellites or the ring 
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■Will be tlie Bd-me as that of the lotitoiy motion of the 
plmet, and thi-i is completely coafiimed by obsei\ itioii 

' The ■wonderful comcileaoe of all the jilmet'iry mo- 
tions, (a phenomenon which we cannot, without infiiiigmg 
the laws of probability, reg^rd aa merely the effe^-t of 
chance,) must tben be the lesult even of the tormition of 
the solai system on this mgeniOua hypothesis , we see 
also why the orbits of the planets and sitellifes are so 
little ect.entno and deviite s) littL fiom tbe plane of 
the soItt equator A pert<,ot ba.imony bet^veen the 
density and ttnipeiature of their molecules in a state of 
vapor would have lendeied the oibits ugoiously ciicular 
and made to coincide ftith the plane of thib equator but 
this regulaiity could Hot exist m all parts of such lai^ 
masses thoie has le^ulted the slight eccenti unities uf tho 
oibits of the planets and satelhtes, and tbeir deYiatioQ 
tiom the plane ot tbe solar equator 

" When m the zones abandoned by the solat atmosphere 
there are found molecules too volatile either to unite with 
each other or with the planets, they must continue to 
levolve round tht, sun, ■without ofFeiing any sensible le- 
i^istanee to the motions of the planetary bodies, eithei on 
account of their extreme rarity, or because their motion 
is effected in tbe same way as that of the bodies they en- 
counter. These wandering molecules must thus present 
all the appearances of the Kodiacal light. 

" We have seen that the figure of tbe heavenly bodies 
was the necessary result of tbeir fluidity at the begin- 
ning of time. The singultu- phenomenon presented by 
the rigorous equality indicated by observation among the 
lesser motions of rotation and revolution of each satel- 
lite, an equality rendering the opposed hemisphere of the 
moon forever invisible to us, is another obvious conae- 
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quencc of this hyiioilipsoa. Indijed, sujuiosni;; {luil l!ic 
Kfightcst dlflercncc had cxistctl ijctwcen the ntoim nnXioii 
of i-oliitiou and i-cvolutioii of our satellite wliilc it w-.m in 
liie 3t«tD of vapor or of fluidity, the atlraoiion o[' llio 
earth wouM have clongntctl the lunar spheroid in tlio 
direction of its axis towards tlie carfh. 'I'hc same attrac- 
tions Avoiild have tended to diminish insensibly tlio diffcr- 
cneo between llio rotatory and orhitua) motions of tlio 
moon, so as to confine to narrow limits a condition 
Kuflicicnt to cnusc tho axis of it-^ equator, directfid 
towanla the cartli, to ha suhjcet only to a spcolcR of 
}>criodical tialancing constituting the plioiioinenon of libra- 
tinn. If tliese osciilations are not now olworvcd, it ia be- 
cause they have ceased to exist in conscijucnce of tho 
iCMstinte tlicy haii. encountered in llio CdUiO of linit, 
c\ on as tin ifacilhtiona of tho tcnestiml i\f> ni the in 
toiioi of the oiith, au'^nig from thi niitnl blttt, of nio 
tion, have been destroyed, andanmdud all the tnotioni 
ot tho hG^\cnly bodies h (\o di«ip|iiaial which hiio not 
hid a peiniiiicni citn 

" jlit, piiMCipil liiciiomeiu ol tho phnLliiy sv^t m 
ale tlicicloio exphmtd with ^ru it (itilitj hj tlieh^^M* 
(hpsta 'fio nicoxmiming uui is these sutcc-sito thm^fi 
of a nthuloHi muss and the It i\ ny of i pni E oi its 
suljstance Iiy cooling n^ict, luth all the Icadnig phcno 
mem, it mvit Ik, dlowal a hi^h dc^iLO of pioWjiljt\ 
)n this lyvj^ithesis the foiniition ot the planets would n it 
lij\i, hci.n snnult,»n*,ous , they ha\*. lioon cieattd auw,!,.-,- 
sivcly at iiileryalsof ages; tho oldest are those whii^li 
aro furthest from tho s\in, and the Hafellitcs are ol'a 
more recent date than their respeciive planets. It in:iy 
he, if ive aro ever perinitled to reach so high, that by 
an osaniinatioii of the constitution of each planet wo may 
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j^o biick to Ibo e}K)ch of ita foitiiatioii, and assign to citcU 
its pljieo jii the clnoiiology of tlio iniivci-so. It is liko- 
wiw3 seoii tliat tlie velocity of the orbiUiitl motion of each 
planet, m it is now, must dilTer Jittio from that of the 
TOtatoi-y motion of tlic sua at tlie [KSfioil wIich tlio pkiict 
wna (letaclied fi'om its atmosplicre. And ns tlio rotatory 
motion is accetcratctl in proportion ns tlio solar niolcuiilcfl 
aro confined by cooling, so that tlio sum of the iiroas 
iviiicii fhoy descriliG round the center of gravity woulil 
reiiiain always the same, it follows rcvolultonary motion 
mu»t bo 80 much moro nipid as tlio planet is nearer the 
sun, as is seen by observation, It likewise results that 
the duration of the rotation either of tlio sun or of it 
planet must Ijc shorter tliau the duration of the nearest 
Ijody which circuhitcs round them ; tliis ol^crvalion is 
completely confirmed even in those cases where the dilli;r- 
cnee between the duration of the two iiiotiuiiH must bo 
very slight. Thus the interior ring of Saturn being 
very eloso to the plnnct, the duration of its rotation must 
be almost eipuil, but a little longer than that of the 
planet. 

"I'he observations of llorachol give, indeed, 0.482 
as the duration of tlie rofatlon of the ring, and 0.42Y as 
that of the planet ; why, then, alionld wo not admit that 
this ring has been formed by the condensation of the at- 
mosphere of Haturn, which formerly extended to it? 
\\'ii may perhaps deduce from the laws of nieehanicrt ami 
the actual dimunsiona of the sun, and the known dnra- 
lion of its i-otation, (he rolatioii existing between the 
radius vector of its surface and the time of its rotation 
in tho different stages of concentration thro«j;li which it 
lias iKisscd. 'L'ho third law of Kepler would be no 
longer tho mere result of observation ; it would be di- 
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rcctly ileiluooil from llio pliiioniia! !;iws of llic iLcuveiily 
bodies. 

"Iiitliis systciii the pavticuUr form of ihe pfeiielM. 
tUo flattening at tho poles, and bulging out at tho cfjua^ 
toTj is only tlie ncccasitry conseqiicnco of tbc laws of tlio 
cf|Hilibniim of fluids, and eaaily explains the gri'iitor part 
of tlio plicnomcim obaorvcd by gcologiste in tbc consti- 
tution of tlie tcn-cstriiil globe, wliicb iippcar inexplicable, 
if it is not Lulniitlod tliat the earth and planets have been 
originally lliiiii. 

" TiCt >i» now sue what is the ovigiu and part assigned 
to comets by this liypothesia. Lh. Place supposes that 
they do not belong to the planetary system, and lie re- 
gaiiis tlicm aa masses of vapor formed by tho agglonievii- 
tion of the iinninous matter diffusetl in all parts of llie 
universe, nnd wandering by clianco in tho various solnr 
syslcins. Comets would thus Ijc, in relation to tho plan- 
etiwy aystem, what tho aerolites are in relation to the 
earth, with ivhich tbey Bceni to have tlo original con- 
ncetion. When a comet approacbes aufliciently near the 
regions of space occupied by ouv Bysteni to enter into tho 
sphere of tbc sun's influence, tho attraction of that 
luminary, combineil with the velocity aeijuired by the 
comet, causes it to describe an elliptic or hyperbolic 
orbit. ISut as the direction of this velocity is ijuite arbi- 
trary, comets must move in every direction and in every 
part of the sky, 

" The comoiavy orbits will, then, have every inclina- 
tion to tho ecliptic ; and this hypotbesia explains ciptal ly 
well tho great cecentrieity by wbicJi they arc usually 
eSccted. Indeed, if tho curves described by eometa arc 
ellipses, they niust be greatly elongated, since their 
major axes are at least e<i|iial to the indins of tlie 
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sphere of the sun's atta-action; and we must conse- 
quently be able to see only those whose eceentriuity is 
■very great, and perihelion, distance inconsiderable ; all 
others, on account of their minuteness and distance, 
must always be invisible, unltss at least the resistance 
of the ether, the attraction of the planets, or other un- 
known causes diminish their perihelion distance, and 
biing them nearer the terrestrial orbit. The same cir- 
cumstances may change the primitive orbits of some 
comets into ellipses, whose major axes are comparatively 
small ; and this has probably happened to the periodi- 
cal comets of 1759, 1819, and 1832. The laws of the 
curvilinear motion likewise show that the eccentricity 
of the orbit chiefly depends on the direction of the 
comet's motion on its entering the sphere of the sun'a 
attraction ; and as this motion is po^ible in every di- 
rection, there arc no limits to the eccentricities of the 
orbits of eomota. 

" If, at the formation of the planets, some comets 
penetrated the atmospheres of the san and planets, the 
resistance they met would gradually destroy their ve- 
locity ; they would then fall on those bodies describing 
spirals, and their fall would, have the effect of causing 
the planes of the orbits and equators of the planets to 
remove from the plane of the solar equator. It is, 
therefore, partly to- this cause, and partly to those we 
have developed above, that the slight deviations we now 
perceive must be attributed. 

" Such ia a summary of the hypothesis of La Place on 
the origin of the solar system. This hypothesis ex- 
plains, in the most satisfactory manner, the three most 
j'emarkable jphcnoraena presented by the planetary njo- 
tions. 
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" Isl The motion of tlic yhnvAti in Uie a^um ilirccitoiii, 
ami iicnrly in tlio K:iinc pliiiic. 

" -M. The motion of t!io satellites lit fho anmc. ilii-cclion 
as Itieir piaiiots. 

" 3(1. 'I'lio singular coiiieidonce in tlji-cction of t!ic ro- 
liilory Hint orbituiil motiona of the plnncts anil tlie sun, 
M'liiuh ill other systenia ivoukl pi-esont incxpliciiblo (liffi- 
ctiliics. 

"Tlie no less remarkable (ilienomona of tlio smalliicsa 
of tlio coco ntrici ties and inclinations of ttio planetary 
orbits aro also a necessary coiiHOqnenco of it, wliilo wo sco 
at the same time viiy tlio orbits of tlio comets depart 
from tliis general law, and may be very ceccnlrio, and 
have any inclination wliatcrcv to (he ecliptic. 'I'lic flat- 
tening of tlio form of the planets, shown on tho earlli by 
the enlargement of degrees of the meridian, and by the 
regular increase of weight in going frani the equator to 
the poles, is only tho result of the attraction of their niole- 
culcii while they were yet in a state of vajMr, combined 
with tho ocntrifngal force prodisecd by tho TOtalory mo- 
tion iinpres-scd on the fluid mass. In short, among tho 
phenomena prraented by tho motions ami the form of tho 
heavenly bodies, there are nono ivhieh cannot bo e."c- 
phiincfl with extreme facility by tho successive condensa- 
tion of ihc solar aysieni ; and the more this systeni is 
examined the move we arc led to acknowledgi; its pi'obii- 
hility. 

" Umloubtedly, if, as La Plaeo lias hiiasdruaid, a hj.. 
pothe.sis not tbnitded on observation or caleuktioii must 
always 1)C pixjseiitcd with extreme diflldonce, this, it will 
be granted, acquires, at least by the union and agi'cement 
of so many ilift'oreiit fiicfs, all tho marks of probability. 
Hut what, in my opinion, principally distinguishes it from 
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tho ordinary titeorios coneeniing tlic formation of systeiiiH, 
h tlio identity wliicli it caiablishes behvceii ilic solar tiys- 
teni and ttic stava sprcid ho profusely througli ttio sky. 

" Ail tho piicjioiiicna of ittitiiro are conneotcii, all flow 
fi-om a few simple and general laws, and tlie task of tlio 
man of genius couHists in discovering those secrat uomicc- 
tiotis, tlioso unknown rclatiouH \\-liicli connect tlio plicno- 
mcna ivliich appeal- to llie vulfrar to liuvo no analogy. 
In going from a phenomenon of which (he priniitivo law 
is easily perceived, to anothti m wlncli | irtieular cii- 
cumstaiLccs coinplicjte it BO as to toncoal it from ns, he 
eces them all How „ fion tic aiit, soiree, and the 
secret of nature bccomn iut ]tos n ion Ihusthelawa 
of the elliptic motion of (lo |hi (ti, kl Newton to tlic 
gi'cat pvineiplo of uniVLisU gia\it ilioii \\hicli' lie would 
have sought for in ^ im m the Uss nnnplc phenomena of 
tlio rotatory motion ot the Liith oi tli, (I ix ami reflux 
of tlic sea. But this ^k tt pimcipk bung once dis- 
covci-cdj all the circiimstnncti of tho planetary molionn 
were explained, even in tlnii inniutcit dttails, and tho 
stjibility of tho Holai ajsttni wi'i it elf only tho necessary 
consequence of its confoinid ii iMth ut which, as New- 
ton tliought, God would be constinlly obliged to retouch 
bis work, in order to render it Bccure. i,:i I'laco, ox- 
tending to all the Btara. and consequently to the sun, tlio 
inoile of condensation by which the nebula are cliatigod 
into star.'}, has connected tho origin of tho planetary sys- 
tem with tho pvimoitlial laws of motion, without rociir- 
ling to any hypothesis but that of attraction. )!c hns, 
therefore, extended to the fixed stars the great law of 
nnivoi^l gi-avitation, which is probably tho only ellicioiit 
principle of the creation of the physical world, a.i it i^ of 
its pi-eacrvation." 
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SI 9 1 f o il eot of tl t H II 

I 1 t 'I tlai I s e c e Itc 1 f o (1 o fl h ol 
I tl Jt It c cs f Hck to t! t f I j I 

1 tl c beg n y QotJ c cate I tl o he cna a 1 1! 

Il I TnttoF Y 3 f st cillc I to 1 C „ 1 f 

I 1 lo -i CO 1 1 o n 1 tl en tl i tl o t 
t I I 1 !a k e ^ CO eml tl o fel ty 1 1 

I I 1 11 sj n t tloSi t f Col 1 
1 1 lie a flood of vajo 3 ttei hc tic el tho ^,1 
tlio cl;ivk pi'ofouiitlj ami gave to cacli particlo its now 
ciorniil ftmction, impressed tho laws of gi'avitatioii and 
iiiulioii, Kolcctod the gfriiid centers about which ibc gcvnis 
(il'sutiy and systema Bhouiil form, and in infinite wisdom 
drow tho i)!an of that oim sehcmo wliicli wo have al- 
[i'iii}it('d to cxamiiio, among tho milliona lliat sliino in 
sjilond"!' Ihvoiighout tho boiimlless oinpiro of space. 
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TAHLI'lS OK KI.K.MKXTS. 

'""i'i""'" 2S0O39' 10",3 

ii'ioi>l ilii-jniiKL-i 2'iO''30'U5".0 

-I HHiiliiKi i,''i-:;,U'i- lo 55' -iT'.i 



'" ' ' ''' i-ao'or.o 

,\|i]>.m nf ■liiimoti r 331 i2-\e 

Ml'.ih lioriMintBl parallax 8".ii 

It'iliilioniii iiieiin solnr hows OiJllidSmOa 

'i;«it> (tfiraasing over oiio dcgrco of moan 1i.ii.(iinilo ■,'•11. 20rnfi8.lB 

]':i'iN-utFici)y of orbit {somi-ax^s iiinjor 1) 01085318 

Voiurno (earth 03 J) 1-116225 

Ma&)(enrtl. DSl)....... 351038 

Moan iliatnnco iu inilM 95,000,000 

K-xnio (earth's radma 1) 23981 

Density (earth tal) 0.250 

Diajnctor in miles. asSCJe 

i;ravity nl equator 397 

In "iio S!jeo!icl of Unio boOios foil in feci JOS. 03 



El-KMBSIB OP TJIE OHBIT OF MEHCUKV, Kl'OCII 1st JAN., 1S01. 

Meau (iiatnneo from tlie Mill ill rniies. , 3G,T25,000 

S^'iiim(eHrUi'siib[a!iE0 5si).... a^fon^-t 

Orrale^t liisliitiofi, s^inio unit... ,.liiljl^^;^},^ 

Srf'iisl dist.-iisM, ramo unit... .,,. liOVfiSIU 

JCt(s.>Jilrii;!ty (seiiii-sxiB mojoc na 1) .iimU'IS 
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Mean dUSaneo ftom tho mm lii luiloi- 09,11 3,500 

Samo (earth's disisnco na!) 'I'iTXill 

Greatest (ii3faneo,6aino unit. ...,.,., 72B90:!0 

J^ast lEitance, eamo unit 11 S30a3 

KccciiirieUy (BOmi-axU major as 1). OOesi sa 

Amiwal vai-ialioit of samo (decrcssu) OUOOOOOai I 

BMcroal revolution in days. 22t.7007in.t 

Sj'nodieaJroyolution ill days,.. SKS.'J'^O 

I^ongiloda of tha porilieBoi! . , 12!" It' 9&".(i 

AntHia! variation rfsaiiK) (rteotpaso).. 3'.^t 

J^Hgikidei^ tlioflsceailjagnudo... . , 'il>° iV 'i'J".S 

Aniiuiii variation ofsamofdeereaaa).. WX'0 

liieilnaf wn (J orbit to tlw ecliptic S'T.t' n"A 

Annual vatiation of sanio (iiiereasa) '.O'i 

Moan daily motion in orbit. !*'>' 1"-^ 

Tii(ieofiotat!ononas!3... '^'i*! 21iii21ii 

Ii«:!i!ia(!on of axis to tho eulipik: t'iiU'":rl,'iiii 
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Appireni liiamcltr ,. 1^''.' 



. .3980 



.ii(e,<Uli'sleii]Kl) l.^t 

iioiiig 1) 1'" 

limit, or grnvity O.Oi) 

:M Fni-OTKl Of timo, In fc.'l 115 

!]■■ Tin; i:\itTii, isc JAJf , isoi. 

OS,CtOO,tl(IO 

ii-l,ui. )) l.OlCiHl 

0.0832310 

(M.lu liij,) 3r;5ii(liiliftnml)3''.C. 



J~WaHlw,-Mdo I,"" inr .ibiTralion) 100= SO 10.3 

Fartli'a motion ill pcrihelio in a mciii Eolar day 1''CH'09".0 

,\teaii motion in a Eoliir Say 0° 69' 08".33 

Menu inotion In n sidereal tlay. 0° S9' GS".GI 

Molii'n In.ipliclioiiitiameaBSolaiii.i)- {)" HI' W'M 

Mi^'i" l!!!;,'ilaiio of poiiliclioii. TO" 30' 05".0 

AutiimI liii.linn of jierihdion (caal) ■ , U ".8 

In ■ , ;iiC..Nofs.lfiioiiiya!3 !0,»8* 

II, yao 2T Be".a 



I'uu --i ■:( (.iiit!uyl) ; luiii-aolnr, . ■ 60". 4 

1'!. '•■ >-'oH in iwiRitiido. f'O' ,1 

I'tiiiiiiUU' riivululionof Tocnal cqitinox in yc'srs 9i,Si;') 

J.nniiruutatloisinlongitiHio. n".57!> 

f:i>l.iTiiutaticmiulougltudo. V'.ni 

reei-nlricity oT orbit (semi-axis major 1) O.OIC'rs:!.-.^ 

AimuaidecrofliW...... O.OOOOOOnr;:! 

3\iily nccolcmtion of sidereal over moafiaolar lime.... 3' GS .01 

Vrma wraal equinox to aumracF solrtice. 92d Slti COni 

t'luii) summer mUUoo to isiluiiiiialGqiiiuox.,.. QditlShdlm. 
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liVont aulanaifil equinox towiiitcv wilatirai.,, .,.....,,. 8Sii I8h-I4in 
I'^i-om winter Bolstiefl to vernal equinox............... 8M0Ili.13in 

Mass (Bim aa 1} O.OOOOO'JSIV.I 

Density (water as 1) 6.614T 

Mean diaiHoter ill milc^ 1B1G 

I'oliir, " " ^KflS 

Kqnatoriiil " ^024 

(,'eiitiiliignl foico at cqufilor O.OOltlll 

Lijjlit iiirivcsfi-omtliosimin 8' 13".3 

AbUii-aticiu 20",H5 



Kr,i:MKXT.S OV 'I'lIK MOON.— Kt'OOIt Isr JAN., 180!. 

llcnn disfanco Trom tlio e.irlh (earth's radius 1) G0.3V313.S 

MiMu Bidoreal rovoluiio.i in dnys. , . il.meei 

Menu syiiodtofll rcvolulion in daye an.SSflfiSST 

Kccoiitrieity of orbit 0,051308030 

Moan rcTOlutioji of noilea in ilnys U'jy:i.;t!)1080 

Mean revolution of npogeo in (fxys 33ii?,51iii(i.T 

Mean longiiuilo of node at epoi'Ji 13" 5:!' l'l".l 

itcnii loDgiludoof potigoo HGG" 1U'0J".5 

McHn incliiinfionof ovbir... , &''OS'30".yi; 

Meau langltudo of moon Bt oiwch HS° ITOS'-S 

Mass (earih aa 1). . . . , 0,01 IsiGl 

Diiimetoria miles.......... 2l«l,G 

DoriHily (earth aa 1) 0.566 

Gravity or weight of ono torrpsfiia! jraiiiid 0.10 

Hoiliosfotl in one second, in feoi V..G 

Diameter {eatlh as 1) 0.2fil 

Density (water as I) XHI 

JnelinnlifBi of axi.? I" ;iO' 10".8 

Maximum ovecUon 1° 20' )!1I".0 

" Bimwal e<]imtiO!i, II' IS'.fl 

" lica-lwBtal tmrallnx \"f>V 'i-l".0 

Maxlianm, Bp]iarent diameter.. '.',',;' 31".! 

MiMii " " :il'O^".0 
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KLEMENTS OK MAitS VOR 'i 
li )ii>( noiri tliB Sim iniiulc! 

(i ith '< itiMniico as 1) 



\iiini il \ III ifHHi of snmo (fuc 
'iktiilr ^oliitioum ilaya 
Ssnoilicil ruvolution m dft)i 
II ongwuilo of tho jJorilioHoii 



MiM (in u,lil (Liilha Wiiig ]) 

ULOMfi (uriliiKing 1) 

J i^lit rvo n< li oi iittiliolion (pirlh'a bciiifc 1) 

N.iiHiit .[.lidioii (c.rlliabciiig 1) 

V: tij,lil ol n ti.rrt, trhl pound or grmil> 

'-pieo tdkii lliioui,liin ono sccoudtf fmu, in 1 
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«r-TlMESTS OF JUriTlSR mil Till'; 1st JAN., lUO. 

Meau liwtanoa from llio ami iu iiiiiw •!!»!,■! fln,0(lO 

Samo (onrtli's distance oh 1) Si/'nTinl 

Givatoat distane*^ Banio imil Ti. irri^iiiS 

r*ast distance, Bimio unit t.ii.'i i f r*l 

jKcecnIrieity (sonil'Hjds major ns 1). 04H:i^;iS 

Anuiinl vanallon of snino (inercaso). OOOOOI 603 

Sidoroal lOT^liUian In days IZS^MiSOSt 

Hi nodical revolulioii iu days 303.SGT 

IxjiiBifurto of llio porlliQlioii li" 4S' a2".8 

Aiiiiu.ll v:.ri,iliO!! of same (incifaso) 6".fl5 

T.i.ii"iliidf '.r 111" ri'^'M.iuHn^ jiocle flS" 48' ZVS 

.\tii. r ? -, iLM' .11 '• mil (.1.1.1 ) 1B"M 

iii.i . 10 18' -la".-* 

M. Ill i .| I. .1 II ■f50",il 

Tiui^'nfi„itll..ii (.11 ii\i- 9h6limSeH 

Inolinntion of asls lo llio .■'■lipli 8flo 04' 30" 

Ajiparaiit diauicler 38".d 

DhniDtor in mites 93,111 1 

Diamotor (oOTth's being 1) 11.9915 

Volume (earth's being i) H91. 

Mass or Wright (oarlli's boiiii; 1) S-n.ISS 

DttijUty (earth's beiag 1). , 0.9:i9 

I%li£ received nt pis^ihidkm (onrtfi'H being I) OIOS 

Same at npbotioii (earth's being I) ..■■■. OH'M 

Weight of atorreatriai pound la gravity 2.4S 

S^Iiaca rillon tlirougii Iu ouo scooud of time in teal ^'^A 



13LEMBSTS OB JUl'ITICR'S SATELLITES. 
Ho. 1- 3So BcoEJWMciTY. 

Sidaiial rofoluilon iadaya, Id ISl* 3Tm !!HJiOI)s 

Slcaa distaneo (Jupiler's raditia I). ................ . O.OiBSS 

Iiiolination of orbit to a Oxed plane.. ............ 0'*Ofi'0!>".0 

Jnt^natiou of this piano lo Jiipitur'a oqiiatof . ..... 0" 00' l)ii",0 

Mas^ that of Jupitor beiag 1,000,000,000. \.l:iVA 

So. 2. No KOCKSTBIOITY. 

Sid(»eai lovolstlon is <1aja. ad Kill Mm 3fi.39.1i 

IJjmn dislanco (Jupiter's radius 1) S.@^-li1 
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Ap|)Mcnt dfaniPter ^ '- ' 

Uiamoter iu irMea 3:t,filO 

DiamelCT (oartb'a boiiig 1) -1.119 

Volumo (earth's being I) ^'•.O 

Mass or iveigbt (eaitii'a beiisg 1) 19.1-15 

BeuHity (ourtli's being 1) ".^^3 

Light rcceiveil at i}CFilidion{cartU'iiljuii!g 1), 0011 

8amo nt fliJiolloB (onrth'a boing 1) 0011 

Wrfglit of n torrealrinl pouml or gi-avily l-^C 

BpoMlliUoiiUiroiighiu QUO second of tinii^ in fuel 21.8 



ICLUMliKTS OK KKPTUNli'S SATKLUTK3. 

Nal. 

Sidereal rovoliilioii Ed 21li 2iii l^a 

Long^tllilo of tlio aBoeiiiliiig iioiio 175" -10' 

lAmgitudo of pevilielion \'I1°S<>' 

Iiiftliniitioti lo ecliptic ISPO' 

Kccontricity 0.10507 



ELiiMKNTB OV I'KIUODlOAr, (JOMKTS. 

IlALLBlf'S OoilKT, 1836, Nov. 15. 

■ Tfiiooof porilieitoii pasiaige .....,,. 9'Jlt ilmaSa 

Loiigltudo of perihelion 301o 31' 33" 

I*aptudo of tho iwccniliHg node 65° »' 61i" 

IneliiiatiOB to the celiiiiio ]'i'*<15'5" 

Tho Beini-axis 17.03736 

Eecoiitricity 0.007391 

Period in days 27,8G5d-7i 

Kolrogriulo. 

Khcke'8 Comet, 1846, Aae. 9, 

'riinonfporiliolionpasaigo ISlillinlis 

Louk""''" of puHholion 15T M' '^1" 

I^ngUiidoof tliofieoending node... S^i" l!»'3;l" 

lueliiiatioB to tho ecliptio. 13" T 3*" 

file semi-axis.. ■ 2.9JK1I) 

Keeoatricily. OM'iiXS 

PerMia A&js l,2M5d.aa 
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BlKLA's CouET, 18i6, Feb. !!. 

Timoofporiiielioa yassago, (th'^m SOs 

IjongUudo of perihoKoJi 109° fi'<n" 

LoiigUudo of the aaconding noslo Uri° SO' f>ii" 

Iiiclinaliou to tlio celiptie I'i" M' M" 

Tlio aoml-axis Xaomz 

EccofiirioUy O.S5a4';i 

Period ia days 2,3933.02 

Fayb'S Combt, 1843, Oct. n. 

TiiHB of iwriliclion pas.<ogo 31i -jam Ifii 

r^iiglhulo ofiicritiolioii 49° ill' 19' 

IfliiSihulo of tlio nsooiuliiig HO<!o 203° 2!!' 13" 

JiieliJialiou lo tlio ecliptic 11° 23' 31" 

The soroi-SKig ISllfSI 

Kocciiliioily 0.555902 

I'oriod ill U,iy8 2,11Bi!.2e 

Db Vico'a CoiiET, 1844, Sept. 2, 

'FiinoorpcriiiDlioG passngo llliSfimSai 

r»ngitmleof perihelion lU'^^SI' IS" 

liOngitudo of Iho iiEoeudiiig iiiidu 0'1° 43' ;il" 

iGCliuslioii fo tlio eellptio ^"51' IS'' 

Thoeomi-nxis..... :!.|}D3H1 

KceeiilEieity U.6n2flii 

Period iu days i,933il,U3 

BiioiiMBs's Comet, iS46, i'f.v. 25. 

Timo of pcriiiclioii passn^ Qli I3iii 35.4 

Longitude of pcriiiplion 11il''2!i' 31" 

Longitude of tbo nsoondiiig iiodn lO'i" '.'-3' 30" 

laclinnfioa to tiio ecliptic. 30" .i^' 1" 

Tbosoid-axia , 3.!afl^I 

BeeBatneity. G,'i'.Y.U>t',) 

Pwiod in days. K.OSad U 

Direct 
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